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led to contamination of soil and ground water, and eutrophication of surface water. 
Cleaning up polluted soil and water has been a complicated and difficult task. The cost for 
such a task is also astronomical. 

In search for a solution to the problem, some are going back to organic 
5 fertilizers. As is well known, organic fertilizers come from many different sources. Types 
of organic fertilizer include farm wastes, such as crop residues and animal manures; 
residues from plant and animal products, such as wood materials; and town wastes, such as 
sewage (Wichmann, W., et aL, IFA World Fertilizer Use Manual). Organic fertilizers are 
usually low in nutrients and less effective in supporting plant growth. For example, the total 
1 0 nutrients in cattle manure is less than 2%, and the nitrogen nutrients therein are more 
difficult to be effectively utilized due to their losses into the environment (K.F. Isherwood, 
1998. Mineral Fertilizer Use and the Environment, United Nations Environmental 
Programme Technical Report No. 26.). Normally, very large amount of organic fertilizers 
have to be applied to soil. To reach high crop yield, organic fertilizers have only been used 
1 5 to supplement mineral fertilizers. Therefore, the problems with mineral fertilizers cannot be 
satisfactorily solved by substituting mineral fertilizer with organic fertilizer. Furthermore, 
organic fertilizers also have created environmental problems. For example, some organic 
fertilizers, if unprocessed, contains pathogenic microorganisms, such as E. coli, 
Salmonella, and Coccidae. Organic fertilizers may also contain toxic chemicals and may 
20 produce undesirable odor. The use of organic fertilizer also contribute to the contamination 
and eutrophication of the natural water system. Therefore, in many parts of the world, 
including the United States, laws and regulations have been established imposing 
considerable restriction on both the composition and the usage of organic fertilizers. 

Biological fertilizers utilizing microorganisms have been proposed as 
25 alternatives to mineral fertilizers. Naturally occurring nitrogen fixing microorganisms 
including bacteria, such as Rhizobium, Azotobacter, aadAzospir ilium, (See for example, U. 
S. Patent No. 5,071,462) and fungi, such as Aspergillus flavus-oryzae, (See, for example, U. 
S. Patent No. 4,670,037) have been utilized in biological fertilizers. Naturally occurring 
microorganisms capable of solubilizing rock phosphate ore or other insoluble phosphates 
30 into soluble phosphates have also been utilized in biological fertilizers either separately 
(e.g., U. S. Patent No. 5,91 2,398) or in combination with nitrogen fixing microorganisms 
(e.g., U. S. Patent No. 5,484,464). Genetically modified bacterial strains have also been 
developed and utilized in biological fertilizers. An approach based on recombinant DNA 
techniques has been developed to create more effective nitrogen fixing, phosphorus 
35 decomposing, and potassium decomposing bacterial strains for use in a biological fertilizer, 
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see, for example, U.S. Patent No. 5,578,486; PCT publication WO 95/09814- Chinese 
patent publication: CN 1081662A; CN 1082016A; CN 1082017A; CN 1103060A- and CN 
1109595A. 

However, the biological fertilizers that are based on naturally occurring 
microorganisms are generally „ 0 t efficient enough to effectively replace mineral fertilizers 
It is therefore important to develop biological fertilizers that can replace mineral fertilizers 
m supplying nitrogen, phosphorus, and potassium to crops for producing high quality 
agricultural products while avoiding the problems associated with mineral fertilizers The 
present invention provides a biological fertilizer based on yeasts, which can replace mineral 
10 fertilizers. 

Citation of documents herein is not intended as an admission that any of the 
documents cited herein is pertinent prior art, or an admission that the cited documents are 
considered material to the patentability of the claims of the present application. All 
statements as to the date or representations as to the contents of these documents are based 
on the information available to the applicant and does not constitute any admission as to the 
correctness of the dates or contents of these documents. 

3. SUMMARY OF THE INVENTION 
The present invention relates to biological fertilizers. The biological 
20 fertilizer compositions of the invention may comprise up to six different yeast cell 

components, an organic substrate component and/or an inorganic substrate component. In 
particular, the yeast cell components of the composition are capable of fixing atmospheric 
mtrogen, decomposing insoluble minerals or compounds, decomposing complex carbon 
matenals or compounds, overproducing growth factors, or overproducing ATP, 
25 respectively. 

The present invention uses yeasts that are commercially available and/or 
accessible to the public, such as but not limited to Saccharomyces cerevisiae. The yeast cell 
components of the invention are produced by culturing yeast cells under activation 

^ conditions such that the abilities of the cells to fix atmospheric nitrogen, to decompose 
insoluble phosphorus minerals or compounds, to decompose insoluble potassium minerals 
or compounds, and to decompose complex carbon materials or compounds are activated or 
enhanced. The yeast cells can also be cultured under conditions such that their abilities to 
produce excess growth factors or ATP are activated or enhanced. Yeast cells exhibiting 

^ such activities are useful in convening nitrogen from the atmosphere to nitrogenous 
compounds that can be used by plants asnutrients, releasing the otherwise insoluble 
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phosphorus, potassium and carbon from minerals and complex molecules, such that these 
elements become available in a form that the plant can utilize for growth. Some yeast cells 
in the fertilizer are used for supporting other plant nutrient-providing yeast cells by 
supplying them with growth factors and ATP. 

The present invention also involves the use of a wide variety of organic and 
inorganic materials in the fertilizer to support the growth of the yeast strains of the present 
invention. In one embodiment, the fertilizer is produced by mixing coal-mine waste and 
rock phosphate with the yeast strains. In another embodiment, the fertilizer is produced by 
mixing animal manures, and optionally, a biological disinfectant, with the yeast strains. In 
yet another embodiment, the fertilizer is produced by mixing sludge from sewage water 
treatment plant and a biological disinfectant with the yeast strains. 

The invention also relates to methods for manufacturing the fertilizer 
comprising mixing, drying, and packing the yeast strains of the present invention and the 
organic and/or inorganic materials. 

The invention further relates to methods for using the fertilizer of the present 
invention. The biological fertilizers of the present invention are used to support and 
enhance the growth and maturation of a wide variety of plants. 



20 



4. BRIEF DESCRIPTION OF FIGURES 
Fig. 1. Activation of yeast cells. 1 yeast culture; 2 container; 3 
electromagnetic field source. 



Fig. 2. Formation of symbiosis-like relationships among yeast strains. 4 
electromagnetic field source for nitrogen-fixing yeast; 5 electromagnetic field source for P- 
decomposing yeast; 6 electromagnetic field source for K-decomposing yeast; 7 
electromagnetic field source for C-decomposing yeast; 8 yeast culture; 9 container. 



30 



Fig. 3 . Adaptation of yeast cells to a soil type. 10 electrode; 1 1 container; 12 
electrode; 13 yeast culture; 14 electromagnetic field source; 15 temperature controller. 

Fig. 4. Organic material grinding process. 16 organic raw material; 17 
crusher; 1 8 grinder, 1 9 organic material in powder form. 

Fig. 5. Inorganic material grinding process. 20 inorganic raw material; 21 
^ crusher; 22 grinder, 23 inorganic material in powder form. 
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Fig. 6. Yeast fermentation process. 24 activated yeast cells; 25 tank for 
cultunng yeast cells, starch : water (35 °C ) = 1 • ? s «- m i r 
. n o r 1 " 2 5 ' sen »-aerob ]C fermentation at 28 to 

30 C for 48 to 72 hours; 26 harvested culture. 

5 28starch-™ Fi8 ' ? ' ^ g ° rgaric and ^ materials. 27 inorganic materials- 

JS^arch^Porgamcmatenal^Omixenai mixture; 32 mixture to be transported to 
fertilizer production Mage, "ported to 

'T"* ^ O*-*"* J— S 3 < ™xing too* 35 ATP-pro^ ^GP 

Kg. 9. Fertilizerproductionprocess. 39 mixture of yeast- 40 mixture of 
15 °' 8 an.c and inorganic ma^^ ^Ormxtureof 

Kg. 10. Drying process. 43 fertilizer granules; 44 first dryer; ■ 
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dryer; 46 dried fertilizer. ^ ^ 45 SCCOnd 

Fig. 1 1 . Cooling and packaging process. 47 dried fertilizer; 48 cooler 49 
separator; 50 bulk bag filler; 51 final product. ' 



5. DETAILED DESCRIPTION OF THE INVENTION 

25 con™ v u emb ° diment ' thepreSCnt -ventionprovides biological fertilizer 
compos^onsthatcompriseyeastceU, The present invention also provides in various 

methods for using the biological fertilizer compositions. 

The biological fertilizer compositions of the invention can replace 

^espeaallycopplants • biological fertilizer compositions of the present 
invent on ca, mcrease crop yields by Because the biological fertilizers of the 

« atmosphenc snnrogen and phosphorus and potassium nnnerals, into plant nutrients, the 
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environment and the changing needs of plants. Therefore, the release of plant nutrients by 
the biological fertilizer compositions is adaptable to the soil condition and can be sustained 
over a period of time. 

In one embodiment, the biological fertilizer compositions of the invention 
5 comprise one or more yeast cell components. A yeast cell component of the biological 
fertilizer compositions comprises a plurality of yeast cells which are capable of performing 
one of the following functions, each of which results in the provision of one type of 
nutrients to plants : (1) fixation of atmospheric nitrogen; (2) decomposition of phosphorus 
minerals or compounds; (3) decomposition of potassium minerals or compounds; (4) 
10 decomposition of complex or high molecular weight carbon materials or compounds. 
Additional yeast cell components can be included to produce growth factors and ATP to 
support the other yeasts in the fertilizer compositions. 

The biological fertilizer compositions of the invention can further comprises 
an organic substrate component, and/or an inorganic substrate component. The organic 
substrate component of the fertilizer compositions is a primary carbon source for the yeast 
cells in the fertilizer. The inorganic substrate component provides the yeast cells in the 
fertilizer compositions minerals, materials, and compounds containing phosphorus and/or 
potassium. The organic and inorganic substrate component may also provide the plants 
2Q with other minerals such as but not limited to calcium, magnesium, and sulfur; and 

micronutrients, such as but not limited to boron, copper, iron, manganese, molybdenum, and 
zinc. 

As used herein, the term "nitrogen fixation" or "fixation of atmospheric 
nitrogen" encompasses biological processes in which molecular nitrogen or nitrogen in the 

25 atmosphere is converted into one or more nitrogenous (N) compounds, including but not 
limited to, ammonia, ammonium salts, urea, and nitrates. 

As used herein, the phrase "decomposition of phosphorus minerals or 
compounds" refers to biological processes which convert phosphorus (P) compounds, such 
as but not limited to those water-insoluble phosphorus compounds present in rock 

3 q phosphate, into one or more different phosphorus compound(s) which can be more readily 
used for survival and/or growth by plants and other yeasts. For example, the resulting 
phosphorus compounds may be more soluble in water, and can thus be taken up by the roots 
of plants. 

As used herein, the phrase "decomposition of potassium minerals or 
^ compounds" refers biological processes which convert potassium (K) compounds, such as 
but not limited to those water-insoluble potassium compounds present tf potassium mica, 
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In various embodiments, the biological fertilizer compositions of the present 
invention comprises at least one yeast cell component, and preferably six yeast cell 
components. The inventor discovered that, under certain culture conditions, various yeast 
strains can be induced to exhibit the following six activities: (1) fixation of atmospheric 
5 nitrogen; (2) decomposition of phosphorus minerals or compounds; (3) decomposition of 
potassium minerals or compounds; (4) decomposition of complex or high molecular weight 
carbon materials or compounds; (5) production of excess growth factors in an amount that is 
sufficient to support the needs of other yeast strains in the fertilizer composition; and (6) 
^ ^ production of excess ATP in an amount that is sufficient to support the needs of other yeast 
strains in the fertilizer composition. The culture condition determines the activity which is 
activated or enhanced in the cultured yeasts. The specific culture conditions for each of the 
six activities are described in details in sections 5.1-5.6 respectively. 

According to the invention, a yeast cell component of the biological fertilizer 
j s is produced by culturing a plurality of yeast cells in an appropriate culture medium in the 
presence of an electromagnetic field. The electromagnetic field can be generated by various 
means well known in the art. A schematic illustration of an exemplary setup is depicted in 
Fig. 1 . The electromagnetic field of a desired frequency and amplitude is generated by an 
electromagnetic source (3) which comprises one or more signal generators that are capable 
2Q of generating electromagnetic waves, preferably sinusoidal waves, in the frequency range of 
100 MHz- 2000 MHz. If desirable, a signal amplifier can also be used to increase the 
output. The electromagnetic field can be applied to the culture by a variety of means 
including placing the culture in close proximity to the signal emitters. In one embodiment, 
the electromagnetic field is applied by electrodes that are submerged in the culture (1). In a 
^ preferred embodiment, one of the electrodes is a metal plate, and the other electrode 
~ comprises a plurality of wires configured inside the container (2) so that the energy of the 
electromagnetic field can be evenly distributed in the culture. The number of electrode 
wires used depends on both the volume of the culture and the diameter of the wire. In 
preferred embodiments, for a culture having a volume up to 5000 ml, one electrode wire 
3Q having a diameter of between 0.1-1.2 mm can be used for each 100 ml of culture; for a 
culture having a volume greater than 1000 1, one electrode wire having a diameter of 
between 3-30 mm can be used for each 1 000 1 of culture. 

The types of yeasts contemplated for use in the invention include without 
limitation^ yeasts of the genera of Saccharomyces, Schizosaccharomyces, Sporobolomyces, 
Toruhpsis, Trichosporon, Wickerhamia, Ashbya, Blastomyces, Candida, Citeromyces, 
Crebrothecium, Cryptococcus, Debaryomyces, Endomycopsis; Geotrichum, Hansenula, 



35 
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Kloeckera, Lipomyces, Pichia, Rhodosporidium, and Rhodotorula. Non-limiting examples 
of yeast strains include Saccharomyces cerevisiae Hansen, ACCC2034 ACCC035 
ACCC2036, ACCC2037, ACCC2038, ACCC2039, ACCC2040, ACCC2041 ACCC2042 

AS2.1,AS2.4,AS2.11 J AS2.14,AS2.16,AS2.56 ) AS2.69 ) AS2.70,AS2.93 AS298 ' 
AS2.101, AS2.109, AS2.1 10, AS2.1 12, AS2.139, AS2.173, AS2.174, AS2.i 8 2 AS2 196 
AS2.242, AS2.336, AS2.346, AS2.369, AS2.374, AS2.375, AS2.379, AS2.380,' AS2382' 
AS2.390, AS2.393, AS2.395, AS2.396, AS2.397, AS2.398, AS2.399, AS2.400 AS2 406 
AS2.408, AS2.409, AS2.413, AS2.414, AS2.415, AS2.416, AS2.422, AS2 4*3 AS2 430* 
AS2.43 1, AS2.432, AS2.451, AS2.452, AS2.453, AS2.458, AS2.460, AS2.463,' AS2 46 7 ' 
1 0 AS2.486, AS2.501, AS2.502, AS2.503, AS2.504, AS2.516, AS2.535, AS2.536 AS255g' 
AS2.560, AS2.561, AS2.562, AS2.576, AS2.593, AS2.594, AS2.614, AS2.620 AS? 62 8 ' 
AS2.631, AS2.666, AS2.982, AS2.11 90, AS2.1364, AS2.1396,IFFI 1001, IFFI 1002 IFFI 
1005, IFFI 1006, IFFI 1008, IFFI 1009, IFFI 1010, IFFI 1012, IFFI 1021, IFFI 1027 ipFI 
_ 1037, IFFI 1042, IFFI 1043, IFFI 10451, IFFI 1048, IFFI 1049, IFFI 1050, IFFI 1052 IFFI 
1059, IFFI 1060, IFFI 1063, IFFI 1202, IFFI 1203, IFFI 1206, IFFI 1209 IFFI 1210 ipFI 
121 1, IFFI 1212, IFFI 1213, IFFI 1215, IFFI 1220, IFFI 1221, IFFI 1224 IFFI P47 IFFI 
1251.IFFI 1270, IFFI 1277,IFFI 1287,IFFI 1289,IFFI 1290.IFFI 1291 IFFI 129l'lFFI 
1292, IFFI 1293, IFFI 1297, IFFI 1300, IFFI 1301, IFFI 1302, IFFI 1307, IFFI 130s' IFFI 
1309.IFFI 1310,IFFI 1311.IFFI 1331,IFFI 1335.IFFI 1336.IFFI 1337,IFFI 1338 ™ 
-0 1339,IFFI 1340,IFFI 1345, IFFI 1348, IFFI 1396,IFFI 1397,IFFI 1399,IFFI 1411 IFFI ' 
1413, ACCC2043, AS2.2, AS2.3, AS2.8, AS2.53, AS2.163, AS2.168, AS2.483, AS2 541 
AS2.559, AS2.606, AS2.607, AS2.61 1, AS2.612; Saccharomyces chevalieri Guillermond,' 
AS2.131, AS2.213; Saccharomyces delbrueckii Lindner, AS2.285; Saccharomyces 
delbrueckii Lindner ver. mongolians Lodder, AS2.209, AS2.1 157; Saccharomyces exiguus 
25 Hansen, AS2.349, AS2. 1 158; Saccharomyces fermentati (Saito) Lodder et van Rij, 
AS2.286, AS2.343; Saccharomyces logos van laer et Denamur ex Jorgensen, AS2.'l56, 
AS2.327, AS2.335; Saccharomyces mellis Lodder et Kreger Van Rij, AS2.195; 
Saccharomyces microellipsoides Osterwalder, AS2.699; Saccharomyces oviformis 
Osterwalder, AS2.100; Saccharomyces rosei Lodder et kreger van Rij, AS2.287- 
30 Saccharomyces rouxii Boutronx, AS2.178, AS2.180, AS2.370, AS2.371; Saccharomyces 
sake Yabe, ACCC2045; Saccharomyces uvarum Beijer, IFFI 1 023, IFFI 1 032 IFFI 1036 
IFFI 1044, IFFI 1072, IFFI 1205, IFFI 1207; ' 
AS2.7, AS2.1 1 9, AS2.152, AS2.293, AS2.381, AS2.392, AS2.434, AS2.614, AS2.1 18* 
Saccharomyces sp., AS2.311; Saccharomyces ludwigii Hansen, ACCC2044, AS2.243, 
5 AS2.508; Saccharomyces sinenses Yue, AS2.1395; Schizosaccharomyces octosporus ' 
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Beijerinck, ACCC 2046, AS2.1 148; Schizosaccharomyces pombe Linder, ACCC2047, 
ACCC2048, AS2.248, AS2.249, AS2.255, AS2.257, AS2.259, AS2.260, AS2.274, 
AS2.994, AS2.1043, AS2.1 149, AS2.1 178, IFFI.1056; Sporobolomyces roseus Klyver et 
van Niel, ACCC 2049, ACCC 2050, AS2.619, AS2.962, AS2.1036; Sporobolomyces 
5 salmonicolor (Fischer et Brebeck) KJuyver et van Niel, ACCC205 1 , AS2.261 , AS2.262; 
Torulopsis cW;<fo(Saito)Lodder, ACCC2052, AS2.270; Torulopsis famta 
(Harrison)Lodder et van Rij, ACCC2053, AS2.685; Torulopsis globosa (Olson et 
Hammer)Lodder et van Rij, ACCC2054, AS2.202; Torulopsis inconspicua Lodder et van 
Rij, AS2.75; Trichosporon behrendoo Lodder et Kreger van Rij, ACCC2055 AS2.1 193- 
10 Trichosporon capitatum Diddens et Lodder, ACCC2056, AS2.1385; Trichosporon 
cutamum{te Beurm et al.)Ota, ACCC2057, AS2.25, AS2.570, AS2.571, AS2.1374; 
Wickerhamia jluoresens (Soneda) Soneda, ACCC2058, AS2.1388; Ashbya gossypii (Ashby 
etNowell) Guillermond, ACCC2001, AS2.475, AS2.1 176; Blastomyces dermatitidis 
Gilehrist et Stikes, ID(D 1 0)23 ; Candida albicans (Robin) Berkhout, ACCC2002, AS2.538, 
15 ID 16u(Cl)u, ID 61v(Cl)v; Candida arborea, AS2.566; Candida guillermondiiiCastellani) 
Langeron et guerra, AS2.63, ID 21 a(C5)a, ID 21 b(C5)b; Candida Krusei (Castellani) 
Berkhout, AS2.1045; Candida lambica(Undnei et Genoud) van.Uden et Buckley, 
AS2.1 1 82; Candida lipolytica (Harrison) Diddens et Lodder, AS2.1207, AS2.1216, 
AS2J220, AS2J379, AS2.1398, AS2J399, AS2.1400; Ca,^ 
20 Chalmer) Langeron et Guerra, ID 19 a(C4)a, ID 19 b(C4)b, ID 19 c(C4)c, ID 19 d(C4)d; 
Candida parapsilosis (Ashford) Langeron et Talice, AS2.590; Candida parapsilosis 
(Ashford) et Talice Var.imtermedia Van Rij et Verona, AS2.491 ; Candida pseudoiropicalis 
(Castellani) Basgal, AS2.68, ID64(C3); Candida pulcherrima (Lindner) Windisch, 
AS2.492; Candida robusta Diddens et Lodder, AS2.11 95; Candida rugousa (Anderson) 
25 Diddens et Loddeer, AS2.51 1, AS2. 1367, AS2.1369, AS2.1372, AS2.1373, AS2.1377, 
AS2.1378, AS2.1384; Candida tropicalis (Castellani) Berkout, ACCC2004, ACCC2005, 
ACCC2006, AS2.164, AS2.402, AS2.564, AS2.565, AS2.567, AS2.568, AS2.617, 
AS2.637, AS2.1387, AS2.1397, ID 17 a(C 2 )a, ID 17 b^b, ID 17 d(C,)d; Candida vtilis 
Henneberg Lodder et Kreger Van Rij, AS2.120, AS2.281, AS2.1 180; Citeromyces 
30 matritensis (Santa Maria) Santa Maria, AS2.1 401 ; Crebrothecium ashbyii (Guillermond) 
Routein, ACCC2013, ACCC2014, AS2.481, AS2.482, AS2.1 197; Cryptococcus laurentii 
(Kufferath) Skinner, ACCC2007, AS2.1 14, ID 95 (y,); Cryptococcus neoformans 
(Sanfelice) Vuillemin, ID 25 u^u, ID 25 v(D>, ID 25 w^w; Deb aryomyces hamenii 
(ZopO Lodder et Kreger-van Rij, ACCC2010, AS2.45; Debaryomyces Moeckeri 
35 Guilliermond et Peju, ACCC2008, ACCC2009, AS2.33, AS2.34 r AS2.494; Debaryomyces 
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AS2. 1145,.B^o, hecam ato*, Guilliemond . Gm 5 - 

AS2.297, AS2.298, AS2.299, AS2.300, AS2.302, AS2.3 » AS2 3^9 t 2 1 " 

«^,M^ Fm8 , AS2 . 887;a ACCC20.9 Z , 

10 *"—<aock e r)He t P ! yd < ,„,ACCC2020 A S J 303 ff 7 1 

Uekke,,AS2.304;tee„„;„„ lpefctoBedfoni " 1 ' 

"' m6 ~»'»/-'-Har^,ACCC2<,27,AS2. 8 9, AS2.66, AS2 „ f 

*> CM.) AS2.277; ^ ^ ^ J£ "^ < " A ^!"™"' 

^^>»3.A S 2..»5,A ffi ,0e, Aai4 O, AS 2,i^™^. 
^'-'»^I-,AS2..39 1: ^ TOWfi ^ >AS2 ^ S2 ^ 

to^ w „e^ie^ H .r« 1 ,,ACCC2032,ACCC2033 AS2 113 A«.« 

Certain yeast species that can be activated according to the nresent i„ w t - 

^ J AS2 - 1176 '^ to ^^^^Gi]ehristetStite^ IDmiom- 

«^ ,r <CaS "° ani a Lm *™ - If 19 ,(04). ID ,9 

35 r t ^ ^^ aUn ^ Ml ^l^i^^hlm. AS21A01- 
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laurmii (Kufferath) Skinner, ACCC2007, AS2.1 14, ID 95 (y 2 ); Cryptococcua moformans 
(Sanfehce) Vuillemin, ID 25 u(D 2 )u, ID 25 v(D 2 )v, ID 25 w(D 2 )w; Debaryomyces hansenii 
(Zopf) Lodder et Kreger-van Rij, ACCC2010; Debaryomyces Kloeckeri Guilliermond et 
Peju, ACCC2008, ACCC2009; Debaryomyces sp., ACCC201 1, ACCC2012- Endomycopsis 
5 fibuligera (Lindner) Dekker, ACCC2015, AS2.1 145. Under certain circumstances, it may 
be less preferable to use such pathogenic yeasts in the biological fertilizer of the invention 
for example, if such use in an open field may endanger the health of human and/or other ' 
living organisms. 

Yeasts of the Saccharomyces genus are generally preferred. Among strains 
of Saccharomyces cerevisiae, Saccharomyces cerevisiae Hansen is a preferred strain. The 
most preferred strains of yeast are Saccharomyces cerevisiae Hansen strains having 
accession numbers AS2.501, AS2.535, AS2.441, AS2.406, AS2.382, and AS2.16 as 
deposited at the China General Microbiological Culture Collection Center (CGMCC). 
^ ^ Generally, the yeast strains can be obtained from private or public laboratory cultures or 
publically accessible culture deposits, such as the American Type Culture Collection 'lOSOl 
University Boulevard, Manassas, VA 201 10-2209 and the China General Microbiological 
Culture Collection Center (CGMCC), China Committee for Culture Collection of 
Microorganisms, Institute of Microbiology, Chinese Academy of Sciences, Haidian, P.O 
Box 2714, Beijing, 100080, China. 

20 

Although it is preferred, the preparation of the yeast cell components of the 
mvention is not limited to starting with a pure strain of yeast. Each yeast cell component 
may be produced by culturing a mixture of yeast cells of different species or strains. The 
constituents of a yeast cell component can be determined by standard yeast identification 
techniques well known in the art 

25 _ 

borne yeasts may perform one of the desired functions more efficiently than 
others. The ability of any species or strain of yeast to perform one of the six desired 
functions before or after culturing under the conditions of the invention can readily be tested 
by methods known in the art For example, the amount of nitrogen fixed can be determined 

3Q by a modified acetylene reduction method as described in U.S. Patent No. 5,578,486 which 
is incorporated herein by reference in its entirety. The modified acetylene reduction method 
determines the amount of nitrogen fixed by measuring the decrease in molecular nitrogen in 
a volume of air. The amount of nitrogen fixed can also be determined by measurement of 
the ammonia and nitrates produced by the yeast cells (see, for example, Grewling et al., 
35 1965, Cornell Agr Exp StaBull 960:22-25). For the other functions, the amount of 
phosphorus available to plants as a result of conversion from insoluble or biologically- 
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f„^ mpfc , Mu ^ hy eta , , 962 ^ cwmica ■ - « hod 

Chem. 69:868-870) The abilitv nf th , «yr, et al., 1986, J. Assoc. Off. Anal. 

yeast such that the veast relic "gene or a set of genes m 

AcCOrding t0 the invention, the biological frrtiiiW 

to softer embody, „f ft, tavenIion| where ^ ^ ^ rf ^ ^ ' 
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yeast cell components are present in a mixture, the yeast cells can be cultured under certain 
conditions .such that the yeast cells with different functus can supply each other with 
and/or rely on each other for nutrients and growth factor, As a result, a symbiosis-like 
• relationship is established among the various yeast cell components in the fertilizer 
compositions of the invention. This culturing process is optional but can improve the 
stability and efficiency of the biological fertilizer such that the fertilizer is made more 
suitable for long term use in natural soil environments. The culturing conditions for this 
optional process are described in Section 5.7. 

In yet another embodiment of the invention, the yeast cells may also be 
cultured under certain conditions so as to adapt the yeast cells to a particular type of soil 
This culturing process is optional, and can be applied to each yeast cell component 
separately or to a mixture of yeast cell components. The result is better growth and survival 
of the yeasts in a particular soil environment. The culturing conditions for this optional 
process are described in Section 5.8. 

15 , AS USCd herein ' the biol °g icaI ***** composition supports or enhances 

plant growth, if in the presence of the biological fertilizer in the soil, or applied to the roots 
stems, leaves or other parts of the plant, the plant or a part of the plant gains viability size ' 
weight, rate of gennination, rate of growth, or rate of maturation. Thus, the biological 
fertilizer compositions have utility in any kind of agricultural, horticultural, and forestry 
practices. The biological fertilizer compositions can be used for large scale commercial 
farming, in open fields or in greenhouse, or even in interiors for decorative plants 
Preferably, the biological fertilizer is used to enhance the growth of crop plants, such as but 
not limited to cereal crops, vegetable crops, fruit crops, flower crops, and grass crops For 
example, the biological fertilizer may be used with wheat, barley, com, soybean, rice oat 
potato, apple, orange, tomato, melon, cherry, lemon, lettuce, carrot, sugar cane, tobacco ' 
cotton, etc. ' 

The biological fertilizer compositions may be applied in the same manner as 
conventional fertilizer, As known to those skilled in the relevant art, many methods and 

^ appliances may be used. In one embodiment, culture broths of the yeast strains of the 
present invention are applied directly to soil or plants. In another embodiment, dried 
powders of the yeast strains of the present invention are applied to soil or plants. In yet 
another embodiment, mixtures of the yeast cell components and organic and inorganic 
substrate components of the present invention are applied to soil or plant, The biological 

^ fertilizer compositions may be applied to soil, by spreaders, sprayers, and other mechanized 
means which may be automated. The biological fertilizer compositions may be applied 
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directly to plants, for example, by soaking seeds and/or roots or , ■ 

. ™o^ uentIyasdesired . ^^^ c ^ 0 ^:^^ 

5 be used ,n conjunction or in rotation with other types of fertilize 

Descnbed respectively i„ Sections 5.1 - 5.6 are the yeast cell rn 
used for nitrogen fixation nWi, components 
mugen nxation, phosphorus compound decomposition r^t„ ■ 

it :;;~ nof * e s " £* *ZT 

ye as tcel. s „ fUl e 1 „ve„„»„,o, panicu i arlypc<)fsoil Sectio „ „ MS 

15 .new ,„ g ^ diying , ^ rad *; ~« ^ 

20 5.1. NITROGEN-FJMNG YEAST CELL COMPONENT 

Nitrogen fixation is a process wherebv ntm™«i^ * • 

„ snd niMe , close to ; 00 ^ B ~7^x~ 

In the present invention, the ability of veast « v 

oioiogical fertilizer composition of the invention. 

30 According to the invention, yeast cells that have an enhanced ability to fix 

nitrogen are prepared by culturin* the celk in th, , ^ 0tlX 
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The method of the invention for making the nitrogen-fixing yeast cells is 
carried out in a liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose glucose 
fructose, dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
combination as sources of assimilable carbon in the culture medium. The exact quantity of 
the carbohydrate source or sources utilized in the medium depends in part upon the other 
ingredients of the medium but, in general, the amount of carbohydrate usually varies 
between about 0.1% and 5% by weight of the medium and preferably between about 0 5% 
and 2%, and most preferably about 1%. These carbon sources can be used individually, or 
0 several such carbon sources may be combined in the medium. 

Among the inorganic salts which can be incorporated in the culture media are 
the customary salts capable of yielding sodium, potassium, calcium, phosphate, sulfate 
carbonate, and like ions. Non-limiting examples of nutrient inorganic salts are CaCO ' 
KH 2 P0 4 , MgS0 4 , NaCl, and CaS0 4 . 



15 



Table I: Composition for a culture medium for nitrogen-fixing yeast 



Medium Composition 


Quantity 


KH 2 P0 4 


0.2g 


K 2 HP0 4 


0.2g 


MgS0 4 »7H 2 0 


0.25g 


CaC0 3 «5H 2 0 


3-5g 


CaSO„.2H 2 0 


0.5g 


NaCl 


0.25g 


Yeast extract paste 


0.3g 


Sucrose 


12.0g 


Distilled water or autoclaved water 


lOOOml 



20 



25 



30 



It should be noted that the composition of the media provided in Table I is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skilled in the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 

The process is initiated by inoculating each 100ml of medium with 1ml of an 
inoculum of the selected yeast strain(s) at a cell density of 10 2 -! 0 $ cell/ml, preferably 3xl0 2 - 
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cell/ml. The process can be scaled up or down according to needs. The yeast culture is 
r f ° r ab ° Ut ,2 - 24 h ° Urs > P^ M y about 24 hours, in the presence of an 
electromagnetic field. The electromagnetic field, which can be applied by any means 
known m the art, has a frequency in the range of 860 to 870 MHz, preferably at about 865 
MH^ more preferably in the range of 865.522 to 865.622 MHz, and most preferably at 
865,572 MHz. The amplitude of the field is in the range of 1000-2000mV, preferably at 
about 1250mV. Afterthis fnstperiod of culture, theyeast cells are further incubated under 
substantmlly the same conditions for approximately another 24 hours, except mat the 

10 r< ltU v inCTeaSed t0 3 ^ leVd in Ian8e ° f 4 ° 00 - 5000 mV > P-ferably to about 
4656 mV. An exemplary set-up of the culture process is depicted in Figure , . Theprocess 
of the mventron is carried out at temperatures ranging from about 25° to 30°C- however it 
1 spreferabletoconducttheprocessat28°C. The culturing process may preferably be ' 
conducted under conditions -which the concentration ofdissolved oxygen is between 
0.025 to 0.8 mol/m>, preferably 0.4 mol/ml The oxygen level can be controlled by any 
conventual means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. 6 

At the end of the culturing process, the nitrogen-fixing yeast cells may be 
recovered from the culture by various methods known in the art, and stored at a temperature 
be,owaboutO-Cto4-C. The nitrogen-fixing yeast cells may also be dried and stored in 
zu powder form. 

Any methods known in the art can be used to test the cultured yeast cells for 
then ab.hty to fix nitrogen. For example, a modified acetylene reduction method for 
measunng nitrogen fixed by microorganisms is used to evaluate the nitrogen-fixing 
25 7 ablht y° fthe P re P^yeast • The modified acetylene reduction method is described in 
U.S.PatentNo. 5,578,486 which is incorporated herein by reference in its entirety. For 
examp e 1 nj 0 f ^ prepared yeagt ^ ^ ^ 

O 0^Cf^V^: d250Inl^laSk • ^^-^^^mpe^reintherangeof 
20 8 C for 24-56 hours in the presence of air containing about 20'/ o by volume oxygen and 

80/„ by volume nitrogen. The amount of nitrogen fixed can then be determined by 
measunng the decrease in nitrogen from the air by any means known in the art, such as but 
not hrmted to gas chromatography. The amount of nitrogen fixed by the yeast cells of the 
invention is at least about 1 Omg for each gram ofyeast dry weight For example, after 
aenvatron, the amount of nitrogen fixed by Saccharoses cererisiae Hansen strain 
AS2.501, can reach about 11200 me/" 

35 
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5.2. PHOSPHORUS-DECOMPOSING YEAST CELL COMPONENT 
The phosphorus compound-decomposing (P-decomposing) yeast of the 
invention converts insoluble or biologically-unavailable phosphorus-containing substances 
such as rock phosphate, into soluble phosphorous compounds so that they become available' 
5 to plants. 

In the present invention, the ability of yeast to decompose insoluble 
phosphorus-containing substances is activated or enhanced, and the resulting P- 
decomposing yeast cells can be used as a component of the biological fertilizer composition 
of the invention. 

1 0 According to the invention, yeast cells that are capable of P-decomposing are 

prepared by culturing the cells in the presence of an electromagnetic field in an appropriate 
culture medium. The frequency of the electromagnetic field for activating or enhancing P- 
decomposition in yeasts can generally be found in the range of 300 MHz to 500 MHz After 
the cells have been cultured for a sufficient period of time, the cells can be tested for their 
15 abil.ty to decompose phosphorus-containing substances by methods well known in the art. 

The method of the invention for making the P-decomposing yeast cells is 
carried out in a liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose 
fructose, dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
20 combination as sources of assimilable carbon in the culture medium. The exact quantity of 
the carbohydrate source or sources utilized in the medium depends in part upon the other 
ingredients of the medium but, in general, the amount of carbohydrate usually varies 
between about 0.1% and 5% by weight of the medium and preferably between about 0.5% 
and 2%, and most preferably about 1.5%. These carbon sources can be used individually, or 
25 several such carbon sources may be combined in the medium. 

Among the inorganic salts which can be incorporated in the culture media are 
the customary salts capable of yielding sodium, potassium, calcium, sulfate, carbonate, and 
hke ions. Non-limiting examples of nutrient inorganic salts are CaC0 3 , MgSO<, NaCl, and 
CaS0 4 . Insoluble phosphorus-containing substances in a suitable form are also included in 
30 the media. Non-limiting examples include powder of rock phosphate of * 200 mesh. Other 
insoluble phosphorus-containing substances can also be used either separately or in 
combination. 



^ Table II: Composition for a culture medium for P-decomposing yeast 
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Medium Composition 



Quantify 




Rock phosphate 



] -2g; Powder of > 200 mesh 




It should be noted that the composition of the media provided in Table II is 

^»ed-the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 

The process is initiated by inoculating each 100ml of medium with 1ml of an 

ceR/mL The proce s S can be scaled up or down according to needs. The yeast culture is 
^forabout 

electromagnetic field. The electromagnetic field, which can be applied by any means 
known m the art , has , frequency ^ ^ ^ rf ^ ^ ^ ^ 

25 r feraWy " ^ ° f 366 - ] " t0 366 - 287M ^ -d most preferably at 

366.243 MHz. The amplitude of the field is in the range of 1 000 to 2000mV, preferably at 

sutaadudly the same conditions for approximately another 24 hours, except that the 
amphtude is increased to a higher level in the range of 4000 to 5000 mV, preferably to 
^ about 4570 mV. An exemplary set-up of the culture process is depicted in Figure 1. The 
process of the mvention is carried out at temperatures ranging from about 25° to 30"C 
however,itispreferabletoconductthe P roce S sat28»C. The culturing process may ' 
Preferably be conducted under conditions in which the concentration of dissolved oxygen is 

35 ^ 
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At the end of the culturing process, the P-decomposing yeast cells may be 
recovered from the culture by various methods known in the art, and stored at a temperature 
below about 0"C to A"C. The P-decomposing yeast cells may also be dried and stored in 
powder form. 

5 Any methods known in the art can be used to test the cultured yeast cells for 

their ability to decompose insoluble phosphorus-containing substances. In one embodiment, 
1 ml of the prepared yeast culture is inoculated into 30 ml of a medium according to Table ' 
II. The culture is incubated at a temperature in the range of 20-28°C for 24-56 hours. The 
amount of biologically available phosphorus in the form of P0 4 3 " in the culture can then be 

1 0 determined by any methods known in the art, including but not limited to UV absorption 
spectroscopy. The amount of P0 4 3 " in the culture is increased by at least lOmg for each 
gram of yeast dry weight. For example, after activation, the amount of P0 4 3 " in a culture of 
Saccharomyces cereviswe Hansen strain AS2.535 is increased to about 4460 mg/g. 

1 5 5.3. POTASSIUM-DECOMPOSING YEAST CELL COMPONENT 

The potassium compound-decomposing (K-decomposing) yeast of the 
invention converts insoluble potassium-containing substances, such as potassium mica, into 
soluble potassium so that they become available to plants. 

In the present invention, the ability of a plurality of yeast cells to decompose 
20 insoluble potassium-containing substances is activated or enhanced, and the resulting K- 
dccomposing yeast cells can be used as a component of the biological fertilizer composition 
of the invention. 

According to the present invention, yeast cells that are capable of K- 
decomposing are prepared by culturing the cells in the presence of an electromagnetic field 
25 in an appropriate culture medium. The frequency of the electromagnetic field for activating 
or enhancing K-decomposition in yeasts can generally be found in the range of 100 MHz - 
300MHz. After the yeast cells have been cultured for a sufficient period of time, the cells 
can be tested for their ability to decompose potassium-containing substances by methods 
well known in the art. 

30 1116 method of *e invention for making the K-decomposing yeast cells is 

carried out in a liquid medium. The medium contains sources of nutrients assimilable by ' 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose, 
fructose, dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
combination as sources of assimilable carbon in the culture medium. The exact quantity of 

35 the carbohydrate source or sources utilized in the medium depends in part upon the other 
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•ngrechents of the medium but, in general, the amount of carbohydrate usually varies 
between about 0.1% and 5% by weight of the medium and preferably between about 0 <* 
and 2/„, and most preferably about 1.5%. These carbon sources can be used individually or 
several such carbon sources may be combined in the medium. 

Arnong the inorganic salts which can be incorporated in the culture media are 
he customary salts capable ofyielding sodium, calcium, phosphate, sulfate," carbonate and 
ulcerous. Non-hmiting examples of nutrient inorganic salts are (NH 4 ) 2 HPO CaCO ' 
MgSO Nad, and CaSO,. Inso.uble potassium-containing substances in a Stable form are 
ako rncludedmthe media. Non-limiung exampies include powder ofpotassium mica of, 
10 200 mesh. Other msoluble potassium-containing substances can also be used either 
separately or combined. 



15 



20 



25 



Medium Composition 


4 W1 iv-u^uuipusing yeast 
Quantity 


Sucrose 


15g 


NaCl ~ 


l-2g ~ " 


MgS0 4 .7H 2 0 


0.2g 


CaC0 3 *5H 2 0 


3-0g 


CaS<V2H 2 0 


0.3g 


(NH 4 ) 2 HPQ 4 


0.3g 


Yeast extract paste 


0.3g 


Potassium mica 


L2g, Powder of > 200 mesh 


Autoclaved water 


1000ml 



It should be noted that the composition of the media provided in Table III is 
not rnten ed to be limiting. Various modifications of the culture medium may be made by 

30 Tt 't^^^^'^^co^^^ej 
« of culture and local supply of media components. 

The process is initiated by inoculating each 100ml of medium with 1ml of an 
inoculum of the selected yeast strains) at a cell density of lO'-lO* cell/ml, preferably 3xl0>- 
ceu/ml. The process can be scaled up or down according to needs. The yeast culture is 
grownforabout 12-24 hours, preferably for about 24 hours, in the presence of an 
electromagnetic field. The electromagnetic field, which can be applied by any means 
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known in the art, has a frequency in the range of 250-2 60MHz, preferably at about 
255MHz, more preferably in the range of 255.388 to 255.462 MHz, and most preferably at 
255.425 MHz. The amplitude of the field is in the range of 1 000-2000mV, preferably at 
about 1340mV. After this first period of culture, the yeast cells are further incubated under 

S substantially the same conditions for approximately another 24 hours, except that the 
amplitude is increased to a higher level in the range of 4000-5000 mV, preferably to about 
4850 mV. An exemplary set-up of the culture process is depicted in Figure 1. The process 
of the invention is carried out at temperatures ranging from about 25° to 30°C; however, it 
is preferable to conduct the process at 28 °C The culturing process may preferably be 

10 conducted under conditions in which the concentration of dissolved oxygen is between 
0.025 to 0.8 mol/m 3 , preferably 0.4 mol/m 3 . The oxygen level can be controlled by any 
conventional means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. 

At the end of the culturing process, the K-decomposing yeast cells may be 
1 5 recovered from the culture by various methods known in the art, and stored at a temperature 
below about 0-4 °C. The K-decomposing yeast cells may also be dried and stored in 
powder form. 

Any methods known in the art can be used to test the cultured yeast cells for 
their ability to decompose insoluble potassium-containing substances. In one embodiment, 

20 1 ml of the prepared yeast culture is inoculated into 30 ml of a medium according to Table 
III. The culture is incubated at a temperature in the range of 20-28°C for 24-56 hours. The 
amount of biologically available potassium in the form of K + in the culture can then be 
determined by any methods known in the art, including but not limited to atomic absorption 
spectrometry. The amount of K* in the culture is increased by at least 10 mg for each gram 

25 of yeast dry weight. For example, after activation, the amount of K + in a culture of 
Saccharomyces cerevisiae Hansen strain AS2.441 can reach about 4050 mg/g. 

5.4. COMPLEX CARBON-DECOMPOSING YEAST CELL 
COMPONENT 

^ The carbon-decomposing (C-decomposing) yeast of the invention converts 

complex, usually high molecular weight, carbon compounds and materials, such as 
cellulose, into simple carbohydrates, such as pentoses and hexoses. Such simple 
carbohydrates are utilized by other yeast cells to support their growth and activities. 

In the present invention, the ability of yeast to decompose complex carbon 
compounds very efficiently is activated or enhanced, and the resulting C-decomposing yeast 
cells can be used as a component of the biologicaJ fertilizer composition of the invention. 
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According to the present invention, yeast cells that are capable of C- 
deco m posiuon are prepared by -Ituring the ce,, S in the presence of an electromagnetic fie,d 
nanappropnatecuJturemedium. The frequency of the electromagnetic field for C 
^ CO «oninyeastscangenerallybef 0 undintber^ 

forthe, amhty to decompose complex carbon compounds by methods wellWnin the 
srt. 

su tab, to, „ „ osed , s sources of ^ fa , he ciitore ^ 

•he carton »«, „ sour « s ^ „ fc ^ depe]ids fc J * 

° f " ,e "" !di ° ra b «* »«<OU„, of carbohydrate vari(is 

bera™, about OB. a,d at by weigh, „f , he medium and ^ ^ „ , % 

several such carbon sources may be combined in Ihe medium. 

■be oust A T° n8 "* in °' 8a " iC S * W " iCh Ca ° "* *> 'he culwra madia are 

fte fol IT * T ° °f yiel«fi"8 sodium, calcium, phosphate, sulfite, carbtmme, and 



Table IV: Composition for a culture medium for C-decompo 



sing yeast 
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It should be noted that the composition of the media provided in Table IV is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skilled in the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 
5 The process is initiated by inoculating each 100ml of medium with 1ml of an 

inoculum of the selected yeast strain(s) at a cell density of 1 0 2 -10 s cell/ml, preferably 3xl0 2 - 
10< cell/ml. The process can be scaled up or down according to needs. The yeast culture is 
grown for about 12-24 hours, preferably for about 24 hours, in the presence of an 
electromagnetic field. The electromagnetic field, which can be applied by any means 
known m the art, has a frequency in the range of 1087-1 097MHz, preferably about at 1092 
more preferably in the range of 1092.346 to 1092.428MHz, and most preferably at 1092.387 
MHz. The amplitude used can be in the range of 1000-2000mV, preferably at about 
1 530mV. After this first period of culture, the yeast cells are further incubated under 
substantially the same conditions for approximately another 24 hours, except that the 
amphtude is increased to a higher level in the range of 4000-5000 mV, preferably to about 
4720 mV. An exemplary set-up of the culture process is depicted in Figure 1. The process 
of the mvention is carried out at temperatures ranging from about 25" to 30°C however it 
is preferable to conduct the process at 28 »C. The culturing process may preferably be ' 
conducted under conditions in which the concentration of dissolved oxygen is between 
0.025 to 0.8 mol/tf, preferably 0.4 mol/m>. The oxygen level can be controlled by any 
convenuonal means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. 

At the end of the culturing process, the C-decomposing yeast cells may be 
recovered from the culture by various methods known in the art, and stored at a temperature 

below about 0-4 X. The C-decomposing yeast cells may also be dried and stored in • 
powder form. 

• Any methods known in the art can be used to test the cultured yeast cells for 
their ability to decompose complex-carbon containing substances. In one embodiment, 1 ml 
of the prepared yeast culture is inoculated into 30 ml of a medium according to Table IV. 
The culture is incubated at a temperature in the range of20-28°C for 24-56 hours The 
amount of simple carbohydrates in the culture can then be determined by any methods 
known m the art, including but not limited to chromatography and molecular fluorescence 
spectroscopy. Preferably, the amount of simple carbohydrates in the culture is increased by 
at least 10 mg for each gram of yeast dry weight. For example, after activation, the amount 
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of simple carbohydrates in a culture of Saceharomyces cerevisiae Hansen AS2.406 can 
reach 27200 mg/g. 

5.5. GROWTH FACTORS PRODUCING YEAST CELL COMPONENT 
5 The growth factors producing (GP-producing) yeast of the present invention 

produces vitamins and other nutrients, such as but not limited to, vitamin B-l, riboflavin 
(vitamin B-2), vitamin B-12, niacin (B-3), pyridoxin (B-6), pantothenic acid (B-5), folic 
acid, biotin, para-aminobenzoic acid, choline, inositol, in such amounts that can support the 

growth of otheryeast strains. Such growth factors are produced by yeast during the 
iy fermentation process. 

In the present invention, the ability of yeast to overproduce growth factors is 
activated or enhanced, and the resulting GP-producing yeast cells can be used as a 
component of the biological fertilizer composition of the invention. 

Accordin S to *e Present invention, yeast cells that are capable of GP- 
producing are prepared by culturing the cells in the presence of an electromagnetic field in 
an appropriate culture medium. The frequency of the electromagnetic field for activating or 
enhancing GP-production in yeasts can generally be found in the range of 1300 MHz -1500 
MHz. After the yeast cells have been cultured for a sufficient period of time, the cells can 
^ be tested for their ability to produce growth factors by methods well known in the art. 

The method of the invention for making the GP-producing yeast cells is 
carried out in a liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose 
fhictose, dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
combination as sources of assimilable carbon in the culture medium. The exact quantity of 
the carbohydrate source or sources utilized in the medium depends in part upon the other 
ingred,ents of the medium but, in general, the amount of carbohydrate usually varies 
between about 0.1% and 5% by weight of the medium and preferably between about 0 5% 
and 2%, and most preferably about 0.8%. These carbon sources can be used individually, or 
several such carbon sources may be combined in the medium. 
30 Among the inorganic salts which can be incorporated in the culture media are 

the customary salts capable of yielding sodium, calcium, phosphate, sulfate, carbonate, and 
like ions. Non-limiting examples of nutrient inorganic salts are NH^NO,, K 2 HPO, CaCO 
MgS0 4 ,NaCl,andCaS0 4 . ' 3 ' 

35 

Table V: Composition for a culture medium for GP-producing yeast 
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Medium Composition 


Quantity 


Starch ' 


8.0g; Powder of > 120 mesh 


NaCl 


0-3g 


MgS0^7H,0 


0.2g 


CaC0 3 «5H 2 0 


0.5g 


CaSO„.2H 2 0 


0-2g 


NH 4 N0 3 


0.3g 


KjHPO, 


0.8g 


Autoclaved water 


1000ml 



10 



It should be noted that the composition of the media provided in Table V is 
not intended to be limiting. Various modifications of the culture medium may be made by 
1 5 those skilled in the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 

The process is initiated by inoculating each 100ml of medium with lml of an 
inoculum of the selected yeast strain(s) at a cell density of 10 2 -10 s cell/ml, preferably 3xl0 2 - 
10" cell/ml. The process can be scaled up or down according to needs. The yeast culture is 
20 grown for about 1 2-24 hours, preferably for about 24 hours, in the presence of an 
electromagnetic field. The electromagnetic field, which can be applied by any means 
known in the art, has a frequency in the range of 1382-1 392MHz, preferably at about 
1387MHz, more preferably in the range of 1387.517 to 1387.595 MHz, and most preferably 
at 1387.556 MHz. The amplitude used can be in the range of 1000-2000mV, preferably at 
25 about 1620mV. After this first period of culture, the yeast cells are further incubated under 
substantially the same conditions for approximately another 24 hours, except that the 
amplitude is increased to a higher level to the range of 4000-5000 mV, preferably to about 
4830 mV. An exemplary set-up of the culture process is depicted in Figure 1. The process 
of the invention is carried out at temperatures ranging from about 25° to 30°C; however, it 
30 is preferable to conduct the process at 28°C. The culturing process may preferably be 
conducted under conditions in which the concentration of dissolved oxygen is between 
0.025 to 0.8 mol/m 3 , preferably 0.4 mol/m 3 . The oxygen level can be controlled by any 
conventional means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. 

35 
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At the end of the culturing process, the GP-producing yeast cells may be 
recovered from the culture by various methods known in the art, and stored at a temperature 
below about 0-4 °C. The GP-producing yeast cells may also be dried and stored in powder 
form 



Any methods known in the art can be used to test the cultured yeast cells for 
then- ability to overproduce growth factors. In one embodiment, 1 ml of the prepared yeast 
culture ,s inoculated into 30 ml of a medium according to Table V. The culture is incubated 
at a temperature in the range of 20-28°C for 32-48 hours. The amount of growth factors as 
represented by the total amount of vitamin Bl, B2, B6, and B12 in the culture can then be 
determined by any methods known in the art, including but not limited to high performance 
bqmd chromatography (HPLC). The amount of growth factors in the culture is increased by 
at least 10 mg for each gram of yeast dry weight. For example, after activation, the amount 
of vrtamin Bl, B2, B6, and B12 in a culture of Saccharoses cerevrsiae Hansen AS2 382 
can reach an aggregate of 6120 mg/g. 



15 



20 



5.6. ATP-PRODUCING YEAST CELL COMPONENT 
The ATP-producing yeast of the present invention is capable of 
overproducing ATP in such amounts that can support the growth of other yeast strains in the 
biological fertilizer composition. 

In the present invention, the ability of yeast to overproduce ATP is activated 
or enhanced, and the resulting ATP-producing yeast cells can be used as a component of the 
biological fertilizer composition of the invention. 

According to the present invention, yeast cells that are capable of enhanced 
ATP-production are prepared by culturing the cells in the presence of an electric field in an 
appropriate culture medium. The frequency of the electromagnetic field for activating or 
enhancing ATP-production in yeasts can generally be found in the range of 1600 MHz- 
1 800 MHz. After sufficient time is given for the cells to grow, the cells can be tested for 
their enhanced ability to produce ATP by methods well known in the art. 

The method of the invention for making the ATP-producing yeast cells is 
earned out in a liquid medium. The medium contains sources of nutrients assimilable by 
the yeast cells. In general, carbohydrates such as sugars, for example, sucrose, glucose 
fructose, dextrose, maltose, xylose, and the like and starches, can be used either alone or in 
combmation as sources of assimilable carbon in the culture medium. The exact quantity of 
the carbohydrate source or sources utilized in the medium depends in part upon the other 
ingredients of the medium but, in general, the amount of carbohydrate usually varies 
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between about 0.1% and 5% by weight of the medium and preferably between about 0.5% 
and 2%, and most preferably about 0.8%. These carbon sources can be used individually, or 
several such carbon sources may be combined in the medium. 

Among the inorganic salts v/hich can be incorporated in the culture media are 
the customary salts capable of yielding sodium, calcium, phosphate, sulfate, carbonate, and 
like ions. Non-limiting examples of nutrient inorganic salts are (NH 4 ) 2 HP0 4 , CaC0 3 , 
MgS0 4 , NaCl, and CaS0 4 . 



10 



Table VI: Composition for a culture medium for ATP-producing yeast 



Medium Composition 


Quantity 


Starch 


10.0g 


NaCl 


0-2g 


MgS(V7H 2 0 


0.2g 


CaCCy5H 2 0 


0.8g 


CaS0 4 '2H 2 0 


0.2g 


NH 4 NOj 


0.2g 


K 2 HP0 4 


0.5g 


Autoclaved water 


1000ml 



15 



20 



It should be noted that the composition of the media provided in Table VI is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skilled in the art, in view of practical and economic considerations, such as the scale 

25 of culture and local supply of media components. 

The process is initiated by inoculating each 1 00ml of medium with 1ml of an 
inoculum of the selected yeast strain(s) at a cell density of 10 2 -10 5 cell/ml, preferably 3x1 0 2 - 
1 0" cell/ml. The process can be scaled up or down according to needs. The yeast culture is 
grown for about 12-24 hours, preferably for about 24 hours, in the presence of an 

30 electromagnetic field. The electromagnetic field, which can be applied by any means 
known in the art, has a fiequency in the range of 1 690-1 700MHz, preferably at about 
1694MHz, more preferably in the range of 1694.328 to 1 694.402 MHz, and most preferably 
at 1694.365 MHz. The amplitude of the field is in the range of 1000-2000mV, preferably 
at about 1 470mV. After this first period of culture, the yeast cells are further incubated 

35 under substantially the same conditions for approximately another 24 hours, except that the 
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47 0 mV . .An exemplary set-up of the culture process is depicted in Figure , . The process 
of the anventton ,s carried out at temperatures ranging from about 25» to 30°C- however it 
1S preferabletoconducttheprocessat28»C. The culturing process may preferab l y be ' 
conductedunderconditi^ 

0.025 to 0.8 nu,«tf , preferably 0.4 * The oxygen ,evel can be controlled by any 
conven^onal means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. 5 

Wow abo„, 0-4 -C The ATP.p rotain8 yeM ce.1, may also ta dried Md ^ „' 
powder form. 

Any methods known in the art can be used to test the cultured yeast cells for 
the.abd.tytooverproduceATP. In one embodiment, 1 ml of the prepared yeast culture is 
15 -culatedmtoSOmlofamediumaccordingto Table VI. The culture is Jubated at a 
^era^einmer a ,geof20-28-Cfor36-56hours. The amount of ATP in the culture can 
then be determined by any methods known in the art, including but not limited to HPLC 
The amount of ATP produced is increased by at least about 10 mg for each gram ofyeast 
drywe lg ht. For example, after activation, the amount of ATP produced in a culture of 
Saccharomyces cerevisiae Hansen strain AS2.16 can reach about 3320 mg/g. 

5.7. FORMATION OF SYMBIOSIS-LIKE RELATIONSHIPS 

■rf . a I" an0thCr emb ° dimemt ***** ^tion, yeast strains with the newly 

eompounds, decompose msoluble potassium-containing minerals or compounds, and 
decompose complex carbon materials as described in Sections 5.1-5.4 are combined and 
eulmred so that they form a symbiosis-like relationship whereby they can grow together 
without substantially relying on outside supplies of biological available nitrogen, 
30 f f^^^^caxbonnutrients. The nutrients needed for growth are supplied 
by me respect; ve nuWproducing yeast s^ 

^vertmgbiolo^ into available nutrients 

The acttvuy of each of the yeast strains in producing the respective types of nutrient relates" 
m part to the needs of other yeast cells as well as the plants. As a result, soluble, 
bmlogrcally-available nutrients will be converted when needed, thereby avoiding excess 
35 losses due to, for example, leaching. 
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The optional process which can be used to improve the performance of the 
biological fertilizer is described as follows. Four strains of yeasts prepared according to 
Sections 5.1-5.4 are mixed and cultured in the presence of an electromagnetic field in an 
appropriate liquid medium. The medium contains nitrogen, phosphorus, potassium, and 

5 carbon nutrients in biologically unavailable forms. As non-limiting examples, atomospheric 
nitrogen is used as the source of nitrogen nutrient, powder of phosphate rock is used as the 
source of phosphorus nutrient, powder of potassium mica is used as the source of potassium 
nutrient, and powdered cellulose is used as the source of complex carbon nutrient. Other 
forms of insoluble phosphorus- and potassium-containing substances and complex carbon 

10 compounds may also be used in place of or in combination with any of the above-identified 
minerals as sources of phosphorus, potassium, and carbon nutrients. Among the inorganic 
salts which can be incorporated in the culture media are the customary salts capable of 
yielding sodium, calcium, sulfate, carbonate, and like ions. Non-limiting examples of 
nutrient inorganic salts are CaC0 3 , iMgSO,, NaCI, and CaSO«. 



Medium Composition 


Quantity 


NaCI 


0.5g 


MgS0 4 -7H 2 0 


0.4g 


CaC0 3 .5H,O 


3.0g 


CaS0 4 «2H 2 0 


0.3g 


Yeast extract paste 


0.3g 


Potassium mica 


1.2g; Powder of > 200 mesh 


Rock phosphate 


1.2g; Powder of > 200 mesh 


Cellulose 


5.0g; Powder of > 200 mesh 


Autoclaved water 


1 000ml 



20 



25 



30 



It should be noted that the composition of the media provided in Table VII is 
not intended to be limiting. Various modifications of the culture medium may be made by 
those skilled in the art, in view of practical and economic considerations, such as the scale 
of culture and local supply of media components. 
35 The cultu ™g process may preferably be conducted under conditions in 

which the concentration of dissolved oxygen is between 0.025 to 0.8 mol/m 3 , preferably 0.4 
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mo!/m 3 . The oxygen level can be controlled by any conventional means known to one 
skilled in the art, including but not limited to stirring and/or bubbling. The process of the 
invention is carried out at temperatures ranging from about 25° to 30°C; however, it is 
preferable to conduct the process at 28°C. The process is initiated in sterilized medium by 
5 inoculating typically about 20ml of each inoculum of the four strains of yeast cells, each at a 
cell density of about 10« cell/ml. The optional process can be scaled up or down according 
to needs. 

The yeast culture is grown for 12-72 hours, preferably for about 48 hours, in 
the presence of four independent electromagnetic fields. The electromagnetic fields, which 
1 0 can be applied by a variety of means, each has the following respective frequencies: (1) in 
the range of 860 to 870 MHz, preferably at about 865 MHz, more preferably in the range of 
865.522 to 865.622 MHz, and most preferably at 865.572 MHz, for nitrogen-fixing; (2) in 
the range of 36O-370MHz, preferably at about 366MHz, more preferably in the range of 
366.199 to 366.287MHz, and most preferably at 366.243 MHz, for phosphorus- 

15 decomposing; (3) in the range of 250-260MHz, preferably at about 255MHz, more 

preferably in the range of 255.388 to 255.462 MHz, and most preferably at 255.425 MHz, 
for potassium-decomposing; and (4) in the range of 1 087-1 097MHz, preferably about at 
1 092, more preferably in the range of 1 092.346 to 1 092.428MHz, and most preferably at 
1092.387 MHz, for complex carbon-decomposing. The amplitude of each electromagnetic 

20 field is repeatedly cycled between 0-3000mV, preferably between 20-1800mV, in steps of 
lmV at a rate of 1 8-23 minutes per complete cycle. An exemplary set-up of the culture 
process is depicted in Figure 2. 

5.8. SOIL ADAPTATION 
25 The yeast strains of the invention must also be able to grow and perform then- 

respective functions in various types of soils. The ability of the yeast strains to survive and 
grow can be enhanced by adapting the yeast strains of the invention to a particular soil 
condition. 

In another embodiment of the invention, yeast cells prepared according to 
30 any one of Sections 5.1-5.6 can be cultured separately or in a mixture in a solid or semi- 
solid medium containing soil from one or more soil sources. This optional process which 
can be used to improve the performance of the biological fertilizer is described by way of an 
example as follows. 

A suspension containing 1 0ml of yeasts at a density of 1 0 s cell/ml is mixed 
35 with a 1000cm 3 of the soil medium. The process can be scaled up or down according to 
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needs. The mixture of yeast and soil is cultured for about 48-96 hours, preferably for about 
48 hours, in the presence of an electromagnetic field. The electromagnetic field, which can 
be applied by a variety of means, has a frequency that, depending on the strain of yeast, 
corresponds to one of the frequencies described in Sections 5.1-5.6. A field amplitude in 

5 the range of 1 00-3 000m V, preferably 21 OOmV, can be used. The culture is incubated at 
temperatures that cycle between about 3°C to about 48°C. For example, in a typical cycle, 
the temperature of the culture may start at 35-48°C and be kept at this temperature for about 
1-2 hours, then adjusted up to 42-45°C and kept at this temperature for 1-2 hours, then 
adjusted to 26-30 °C and kept at this temperature for about 2-4 hours, and then brought 

1 0 down to 5 - 1 0°C and kept at this temperature for about 1 -2 hours, and then the temperature 
may be raised again to 35-45°C for another cycle. The cycles are repeated until the process 
is completed. After the last temperature cycle is completed, the temperature of the culture is 
lowered to 3-4 °C and kept at this temperature for about 5-6 hours. After adaptation, the 
yeast cells may be isolated and recovered from the medium by conventional methods, such 

1 5 as filtration. The adapted yeast cells can be stored under 4°C. An exemplary set-up of the 
culture process is depicted in Figure 3. 

5.9. SEPARATION OR ENRICHMENT OF YEAST CELLS 
Yeast cells that have been adapted to form a symbiosis-like relationship 
20 according to Section 5.7. can be separated or enriched in such a way that each strain of yeast 
cells keep their acquired or enhanced functions. Separation of yeast cells is carried out 
according to methods described in U.S. Patent No. 5,578,486 and Chinese patent 
publication CN 1 1 1 031 7A which are incorporated herein by reference in its entirety. The 
frequency used for activating the yeast cells may be used during the separation process. The 
25 separated yeast cells can then be dried, and stored. 

5.10. MANUFACTURE OF THE BIOLOGICAL FERTILIZERS 
In addition to yeast cell components, various organic and inorganic raw 
materials can also be included in the biological fertilizer compositions of the invention. The 
30 preparation of such materials as well as the steps involved in the manufacture of the 
biological fertilizer are described herein. 

5.10.1. Preparation of the Organic and Inorganic Substrate Components 

A wide range of organic and inorganic materials can be used in the biological 
35 fertilizer compositions of the present invention. Organic materials, such as but not limited 
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to coal- mi ne waste and weathered coal, or any materials that contain more than 20% of 
organ,c substances, can be used as sources of carbon to support the growth of plants and 
yeasts. Combinations and mixtures of such organic materials can also be used Organic 
compounds present in such materials are decomposed by the yeast capable of breakin* 
complex or high molecular weight carbon-chain molecules into simple carbon compounds 
so that they can be used by plants and other yeast cells in the fertilizer. 

Inorganic materials, such as but not limited to phosphate rock and potassium 
mica, are mcluded as sources of phosphorus and potassium respectively. Other 
phosphorous- or potassium-containing materials and minerals can also be used These 
morgan, compounds are decomposed by K-decomposing and P-decomposing yeast cells 
into biologically available potassium and biologically available phosphorus that can be used 
by the growing plants as well as the yeast cells in the fertilizer. Any organic or inorganic 
material may be used alone or in combination or in substitution with any other materials in 
the present invention. Alternatively, one or more organic or inorganic ingredients may be 
omitted, or substituted by another if it is deemed desirable by the particular application For 
example, potassium mica can be omitted if the soil contains sufficient potassium minenils 

The organic and inorganic materials used in the invention should not contain 
amounts of toxic substances or microorganisms that can inhibit the growth of the yeast cells 
or plants. 

The organic and inorganic components in the present invention are ground 
into suitable forms and sizes before incorporated into the fertilizer. Typically, the organic or 
morgans material is conveyed into a crusher where it is broken up into pieces of < 5 cm in 
diameter. Any conventional crusher or equivalent machines can be used for this purpose 
The pieces are then transferred to a grinder by any conveying means and ground to a powder 
of,150mesh. Any grmder mat allows fine grinding can be used for tWs purpose. The 
powder is then conveyed to an appropriate storage tank for storage until use with other 
components of the fertilizer. A schematic illustration of the grinding process is shown in 
Figs. 4 and 5. 



30 



5.10.2. Fermentation Process Using Growth Factor-Producing Yeast 

In the present invention, the preparation of GP-producing yeast is carried out 
in a fermentation process using as seed the activated yeast strain as described in Section 5.5. 
A schematic of the fermentation process is illustrated in Fig. 6. 

The fermentation medium is prepared according to aratio of 2.5 liters of 
waterper kilogram of starch. Clean water, preferably water free of any microorgamsms, is 
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used to prepare the fermentation medium. The fermentation is carried out at a temperature 
between 2Q-30 °C, preferably between 25-28 °C, in a clean environment and in a space 
where there are no strong sources of electromagnetic fields, such as power lines and power 
generators. Any equipments that contact the fermentation broth, including reactors, 

5 pipelines, and stirrers, must be throughly cleaned before each use. The fermentation process 
normally lasts about 60-72 hours, depending on the fermentation temperature. At least 90% 
of the fermentation substrate is fermented. Fermentation is preferably conducted under 
semi-aerobic conditions or conditions in which the oxygen level is about 20-60% of the 
maxima] soluble oxygen concentration. The oxygen level can be controlled by any 

10 conventional means known to one skilled in the art, including but not limited to stirring 
and/or bubbling. After fermentation, the cell counts should reach about 2x1 0 10 cells/ml. 
The fermentation broth is kept at a temperature in the range of 15-28 °C and must be used 
within 24 hours. Alternatively, the GP-producing yeasts can be drained, dried and stored in 
powder form. 

15 

5.10.3. Fermentation Process Using ATP-Pro during Yeast 
In the present invention, the preparation of ATP-producing yeast is carried 
out by a fermentation process using as seed the adapted yeast strain as described in Section 
5.6. A schematic of the fermentation process is illustrated in Fig. 6. 

20 The fermentation medium is prepared according to a ratio of 2.5 liters of 

water per kilogram of starch. Clean water, preferably water free of any microorganisms, 
most preferably autoclaved water, is used to prepare the fermentation media. The 
fermentation is carried out at a temperature between 20-30°C, preferably between 25-28°C, 
in a clean environment and in a space where there are no strong sources of electromagnetic 

25 fields, such as power lines and power generators. Any equipments that contact the 

fermentation broth, including reactors, pipelines, and stirrers, must be throughly cleaned 
before each use. The fermentation process normally lasts about 60-72 hours, depending on 
the fermentation temperature. At least 90% of the fermentation substrate is fermented. 
Fermentation is preferably conducted under semi-aerobic conditions or conditions in which 

30 the oxygen level is about 20-60% of the maximal soluble oxygen concentration. The 
oxygen level can be controlled by any conventional means known to one skilled in the art, 
including but not limited to stirring and/or bubbling. After fermentation, the cell counts 
should reach about 2x1 0 !0 cells/ml. The fermentation broth is kept at a temperature in the 
range of 15-28°C and must be used within 24 hours. Alternatively, the ATP-producing 

35 yeasts can be drained, dried and stored in powder form. 
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5.10.4. Preparation of Mixture of Raw Materials 
Organic and inorganic raw materials are mixed in exemplary proportions as 
shown m Table VOL Appropriate amount of organic and inorganic materials prepared 
according to Section 5.10.1 and starch are conveyed to a mixer. Any conventional mixer 
such as but not limited a rotary drum mixer, can be used. The mixing tank is rotated 
constantly so that powders of inorganic material, organic material, and starch are mixed 
evenly. The mixture is then conveyed to a storage tank. The procedure for mixing organic 
and inorganic substrate material is illustrated in FIG. 7. 

Table VIII Ratio of raw materials 





Material 


Percentage 


Requirement 




Powder of organic materials 


60>71 % 


£ 150 mesh, water content 


15 






^ 5% 




Powder of inorganic 
materials 


15-20% 


> 150 mesh, water content 






< 3% 


20 


Starch 


10-15% 


regular starch powder, water 
content <; 8% 



5.10.5. Preparation of Yeast Mixture 
A yeast mixture is prepared in the exemplary proportions as shown in Table 
IX. Appropriate amounts of the six yeast strains in dried powder form prepared according 
to Section 5. 1 -5.6 are conveyed to a mixing tank. The yeasts are allowed to mix for about 
25 10-20nunutes. The mixture is then transferred to a storage tank. Any equipments used for 
mixing yeasts, including the mixing tank and the storage tank, must be throughly cleaned 
preferably sterilized, before each use. The yeast mixture is stored at a temperature below 20 
C and must be used within 24 hours. The procedure for mixing yeasts is illustrated in FIG 
8. Alternatively, the mixture of six yeasts can be dried and stored in powder form 

in 





Yeast 


Quantity 


Percentage 


Note 








(dry weight) 




35 ' 


Nitrogen-fixing yeast 


l>0-2.0kg 


0.1-0.2% 


Dry yeast powder 
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Phosphorus-decomposing 
yeast 


1.0-2.0kg 


0.1-0.2% 


Dry yeast powder 


Potassium-decomposing 
yeast 


1.0-2.0kg 


0.1-0.2% 


Dry yeast powder 


Carbon-decomposing yeast 


L0-2.0kg 


0.1-0.2% 


Dry yeast powder 


Growth factor-producing 
yeast 


25L 


1% 


Yeast fermentation 
broth 


ATP-producing yeast 


75L 


3% 


Yeast fermentation 
broth 
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5.10.6. Manufacture of Biological Fertilizer 
The biological fertilizer of the present invention is produced by mixing the 
yeast mixture of Section 5.10.5 and the mixture of the organic and inorganic materials of 
15 Section 5.10.1 at a ratio according to Table X. For example, the yeasts and the organic and 
inorganic materials are conveyed to a granulizer to form granules. The granules of the 
fertilizer are then dried in a two-stage drying process. During the first drying stage, the 
fertilizer is dried in a first dryer at a temperature not exceeding 65 °C for a period of time 
not exceeding 10 minutes so that yeast cells quickly become dormant. The fertilizer is then 
20 send to a second dryer and dried at a temperature not exceeding 70 °C for a period of time 
not exceeding 30 minutes to further remove water. After the two stages, the water content 
should be lower than 5%. It is preferred that the temperatures and drying times be adhered 
to in both drying stages so that yeast cells do not lose their vitality and functions. The 
fertilizer is then cooled to room temperature. The fertilizer may also be screened in a 
25 separator so that fertilizer granules of a preferred size are selected. Any separator, such as 
but not limited to a turbo separator with adjustable speed and screen sizes, can be used. The 
fertilizer of the selected size is then sent to a bulk bag filler for packing. 

The production process is illustrated in Figs. 9-11. Fig. 9 is a schematic 
illustration of the procedure for producing the fertilizer from its components. Fig. 10 is a 
30 schematic illustration of the drying process. Fig. 1 1 is a schematic illustration of the cooling 
and packing process. 



Table X Composition of the biological fertilizer (for one metric ton of fertilizer) 





Quantity 


Percentage (dry 


Note 






weight) 
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Mixture of raw materials 


952-956kg 


95.2-95.4% 


Dry weight 


Mixture of yeasts 


100L 


4.4-4.8% 


Dry weight 



6. EXAMPLE 

The following example demonstrates the manufacture of a biological 
fertilizer composition of the present invention. This example is a preferred embodiment of 
the present invention. 

1 0 Saccharomyces cerevisiae Hansen strains having accession numbers 

AS2.501, AS2.535, AS2.441, AS2.406, AS2.382, and AS2.16, each of which is deposited in 
Chma General Microbiological Culture Collection Center (CGMCC), China Committee for 
Culture Collection of Microorganisms, were used to prepare the yeast cell components of 
the foological fertilizer. Yeast strain AS2.501 was cultured according to the method 
J5 descnbed in Section 5.1 for nitrogen-fixation. Yeast strain AS2.535 was cultured according 
to the method described in Section 5.2 for P-decomposition. Yeast strain AS? 441 was 
cultured according to the method described in Section 5.3 for K-decomposition Yeast 
stram AS2.406 was cultured according to the method described in Section 5.4 for C- 
decomposition. Yeast strain AS2.382 was cultured according to the method described in 
20 Sect™ 5.5 for growth factor-production. Yeast strain AS2.16 was cultured according to the 
method described in Section 5.6 for ATP-production. 

Coal mine waste and phosphate rock were used as organic and inorganic 
matenals respectively. The coal mine waste used in the example contained at least 30% of 
orgamc substances. The phosphate rock used in the example contained at least 25% of 

PA- ^^^teandphosphaterockwerepreparedaccordingtoSectionsS.lO.l. 

The production of growth factor-producing yeast was carried out in a 
fermentation process using as seed the activated yeast strain AS2.382 as described in 
Section 5.5. A schematic of the fermentation process is illustrated in Fig. 6. The 
fermentation medium was prepared according to a ratio of 2.5 liters of clean water per 
kdogram of starch. The fermentation medium was inoculated according to a ratio of 1 0ml 
ofseedsolutionperliterofmedium. The fermentation was carried out at a temperature of " 
28±1 "C and an oxygen concentration of 0.4mol/m 3 in a clean environment where there 
were no sources of electromagnetic fields for about 48 hours. After fermentation, the cell 
counts reached about 2x1 0 10 cells/ml 
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The production of ATP-producing yeast was carried out in a fermentation 
process using as seed the activated yeast strain AS2.1 6 as described in Section 5.6. A 
schematic of the fermentation process is illustrated in Fig. 6. The fermentation medium was 
prepared according to a ratio of 2.5 liters of clean water per kilogram of starch. The 
fermentation medium was inoculated according to a ratio of 10ml of seed solution per liter 
of medium. The fermentation was earned out at a temperature of 28±1 "C and an oxygen 
concentration of 0.4mol/m 3 in a clean environment where there were no sources of 
electromagnetic fields for about 56 hours. After fermentation, the cell counts reached about 
2x10'° cells/ml. 

The mixture of raw materials was prepared according to Table XI and the 
procedure in Section 5.10.4. 



15 



20 



Table XI Ratio of raw materials 



25 



Material 


Percentage 


Requirement 


Powder of coal mine waste 


65% 


£ 150 mesh, water content 

<: 5% 


Powder of phosphate rock 


20% 


£ 150 mesh, water content 


Starch 


15% 


regular starch powder, water 
content s 8% 



The yeast mixture was prepared according to Table XII and the procedure 
described in Section 5.10.5. 



Table XII Ratio of yeasts (for 1 metric ton of fertilizer) 



Yeast 


Quantity 


Percentage 
(dry weight) 


Note 


Nitrogen-fixing yeast AS2.502 


2.0kg 


0.2% 


Dry yeast powder 


Phosphorus-decomposing yeast 
AS2.535 


2.0kg 


0.2%- 


Dry yeast powder 


Potassium-decomposing yeast 
AS2.441 


2.0kg 


0.2% 


Dry yeast powder 



30 
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v^arbon-decomnn^infT v^act 
AS2.406 ■ 


2.0kg 


0.2% 


Dry yeast powder 


Growth factor producing yeast 
AS2.382 


25L 


1% 


Yeast fermentation 
broth 


ATP producing yeast AS2.16 


75L 


3% 


Yeast fermentation 
broth 



The biological fertilizer was produced by mixing the yeast mixture the 
10 organ, and inorganic materials at a ratio according to Table XE The mixed yeasts and 
organic and inorganic materials were conveyed to a granulizer to form granules The 
granules of the fertilizer were then dried in a two stage drying process. During the first 
drying stage, the fertilizer was dried in a first dryer at a temperature not exceeding 60 ± 2°C 
for a period of 5 minutes so that yeast cells quickly became dormant. The fertilizer was then 
, 5 sent to a second dryer and dried at a temperature not exceeding 65 ± 2 »C for a period of 8 
minutes to further remove water. The fertilizer was then cool to mom temperature The 
fertilizer was then sent to a bulk bag filler for packing. 



Jable XIII Fertilizer composition (for 1 metric ton of fertilizer) 




30 



™ e P resent * not to be limited in scope by the specific embodiments 

described which are intended as single illustrations of individual . aspects of the invention, 
and f™ ctlona]ly equiva]£nt methods md components m ^ ^ scope ^ ^ 

Indeed vanous modifications of the invention, in addition to those shown and described 
herem will become apparent to those skilled in the art from the foregoing description and 
accompanying drawings. Such modifications are intended to fall within the scope of the 
appended claims. 
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WHAT IS CLAIMED IS : 

1 . A biological fertilizer composition comprising at least one of the 
following yeast cell components: 

(a) a first yeast cell component comprising a first plurality of 
yeast cells that fix nitrogen; 

(b) a second yeast cell component comprising a second plurality 
of yeast cells that decompose phosphorus compounds; or 

(c) a third yeast cell component comprising a third plurality of 
yeast cells that decompose potassium compounds. 



2. The biological composition of claim 1 further comprising: 

(d) a fourth yeast cell component comprising a fourth plurality of 
y east ceIls that convert complex carbon compounds to simple 

15 carbohydrates; 

(e) a fifth yeast cell component comprising a fifth plurality of 
yeast cells that overproduce growth factors; and 

(f) a sixth yeast cell component comprising a sixth plurality of 
yeast cells that overproduce adenosine triphosphate. 



20 



3. 



A biological fertilizer composition comprising at least one of the 
following yeast cell components: 

(a) a first yeast cell component prepared by culturing a first 
plurality of yeast cells in a first electromagnetic field having a 

23 frequency in the range of 860 to 870 MHz and an amplitude in 

the range of 1000 to 5000mV for a period of time sufficient to 
cause said first plurality of yeast cells to fix nitrogen; 

(b) a second yeast cell component prepared by culturing a second 
plurality of yeast cells in a second electromagnetic field 
having a frequency in the range of 360 to 370 MHz and an 
amplitude in the range of 1000 to 5000mV for a period of 
time sufficient to cause said second plurality of yeast cells to 
decompose phosphorus compounds; or 

(c) a third yeast cell component prepared by culturing a third 
plurality of yeast cells in a third electromagnetic field having a 
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frequency in the range of 250 to 260 MHz and an amplitude in 
the range of 1 000 to 5000mV for a period of time sufficient to 
cause said third plurality of yeast cells to decompose 
potassium compounds. 

4. The biological composition of claim 3 further comprising: 

(d) a fourth yeast cell component prepared by culturing a fourth 
plurality of yeast cells in a fourth electromagnetic field having 
a frequency in the range of 1087 to 1097 MHz and an 
amplitude in the range of 1000 to 5000mV for a period of 
time sufficient to cause said fourth plurality of yeast cells to 
convert complex carbon molecules to simple carbohydrates; 

(e) a fifth yeast cell component prepared by culturing a fifth 
plurality of yeast cells in a fifth electromagnetic field having a 
frequency in the range of 1382 to 1392 MHz and an amplitude 
in the range of 1 000 to 5000mV for a period of time sufficient 
to cause said fifth plurality of yeast cells to overproduce 
growth factors; and 

(f) a sixth yeast cell component prepared by culturing a sixth 
plurality of yeast cells in a sixth electromagnetic field having 
a frequency in the range of 1690 to 1700 MHz and an 
amplitude in the range of 1000 to 5000mV for a period of 
time sufficient to cause said plurality of yeast cells to 
overproduce adenosine triphosphate. 

5. The biological fertilizer composition of claim 2 or 4 further 
comprising an organic substrate component, an inorganic substrate component, or both 
organic and inorganic substrate components. 

OA 

6. The biological fertilizer composition of claim 2 or 4 wherein each 
yeast cell component separately comprises yeast cells that belongs to a genus selected ftom 
the group consisting of Saccharomyces, Schizosaccharomyces, Sporobolomyces, Tondopsis, 
Trichosporon, Wickerhamia, Ashbya, Blastomyces, Candida, Citeromyces, Crebrothecium, 
Cryptococcvs, Debaryomyces, Endomycopsis; Geotrichum, Hansenula, Kloeckera, 

35 Lipomyces, Pichia, Rhodosporidium, and Rhodotonda. 
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7. The biological fertilizer composition of claim 2 or 4 wherein each 
yeast cell component comprises cells of a species of yeast selected from the group 
consisting of Saccharomyces cerevisiae, Saccharomyces chevalieri, Saccharomyces 
delbrueckii, Saccharomyces exiguus, Saccharomyces fermeniati, Saccharomyces logos, 

5 Saccharomyces mellis, Saccharomyces microeUipsoides, Saccharomyces oviformis, 
Saccharomyces rosei, Saccharomyces rouxii, Saccharomyces sake, Saccharomyces 
uvarum Beijer, Saccharomyces willianus, Saccharomyces sp., Saccharomyces ludxvigii, 
Saccharomyces sinenses, Saccharomyces bailii, Saccharomyces carlsbergensis, 
Schizosaccharomyces octosporus, Schizosaccharomyces pombe, Sporobolomyces roseiu, 

10 Sporobolomyces salmonicolor, Torulopsis Candida, Torulopsis famta, Torulopsis globosa, 
Torulopsis inconspicua, Trichosporon behrendoo, Trichosporon capitatum, Trichosporon 
cutaneum, Wickerhamiafluoresens, Ashbya gossypii, Blastomyces dermatitidis, Candida 
albicans, Candida arborea, Candida guillermondii, Candida Krusei, Candida lambica, 
Candida lipolytica, Candida parakrusei, Candida parapsilosis, Candida par apsilosis, ' 

15 Candida pseudotropicalis, Candida pulcherrima, Candida robusta, Candida rugousa, 
Candida utilis, Citeromyces matritensis, Crebrothecium ashbyii, Cryptococcus laurentii, 
Cryptococcus neoformans, Debaryomyces hansenii, Debaryomyces kloeckeri, 
Endomycopsisfibuligera , Eremothecium ashbyii, Geotrichum candidum, Geotrichum 
ludwigii, Geotrichum robustum, Geotrichum suaveolens, Hansenula anomala, Hansenula 
20 arabitolgens, Hansenula jadinii, Hansenula saturnus, Hansenula schneggii, Hansenula 
subpelliculosa, Kloeckera apiculata, Lipomyces starkeyi, Pichia farinosa, Pichia 
membranaefaciens, Rhodosporidium toruloides , Rhodotorula aurantiaca, Rhodotorula 
glutinis, Rhodotorula minuta, Rhodotorula rubor, and Rhodotorula sinesis. 



25 



8. The biological fertilizer composition of claim 2 or 4 wherein each 
yeast cell component comprises cells of Sacclmromyces cerevisiae. 



9. The biological fertilizer composition of claim 2 or 4 wherein the 
yeast cells of each yeast cell component are separately cells of the yeast strain 

30 Saccharomyces cerevisiae Hansen deposited at China General Microbiological Culture 
Collection Center having an accession number selected from the group consisting of 
AS2.501, AS2.535, AS2.441, AS2.406, AS2.382, and AS2.16. 

1 0. The biological fertilizer composition of claim 2 which comprises 
35 yeast cell components (a), (b), and (c) of claim 1 . 
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11. The biological fertilizer composition of claim 4 which comprises 
yeast cell components (a), (b), and (c) of claim 3. 

12. The biological fertilizer composition of claim 10 or 1 1 further 
compnsing an organic substrate component, an inorganic substrate component, or both an 
organic and an inorganic substrate component. 

13. The biological fertilizer composition of claim 12 which comprises 
about 0.1 to 0.2 o/„ by weight of yeast cell component (a), about 0.1 to 0.2 •/„ by weight of 
yeast cell component (b), about 0, to 0.2 * by weight of yeast ceil component (c), about 
0.1 to 0.2 /. by weight of yeast cell component (d), about 1 % by weight of yeast cell 
component (e), about 3 % by weight of yeast cell component (f); about 65 % by weight of 

about 14 % by weight of starch. 



15 
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14. A composition comprising a plurality of yeast cells wherein said 
Plurality of yeast cells have been cultured in the presence of an electromagnetic field having 
a frequency m the range of 850 to 860 MHz and an amplitude in the range of ,000 to 
5000mV for a period of time sufficient to cause said plurality of yeast cells to fix nitrogen. 

15. A composition comprising a plurality of yeast cells wherein said 
Plurality of yeast cells have been cultured in the presence of an electromagnetic field having 
a frequency in the range of 360 to 370 MHz and an amplitude in the range of 1 000 to 
5000mV for a period of time sufficient to cause said plurality of yeast cells to decompose 
phosphorus compounds. 

16. Acompositioncomprisingapluralityofyeastcellswhereinsaid 
plurality of yeast cells have been cultured in the presence of an electromagnetic field having 
airequ enc ^ 

5000mV for a period of time sufficient to cause said plurality of yeast cells to decompose 
potassium compounds. 

17. A composition comprising a plurality of yeast cells wherein said 
Pluralny of yeast cells have been cultured in the presence of an electromagnetic field having 
a frequency i„ the range of 1 087 to 1 097 MHz and an amplitude in the range of 1 000 to 
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5000mV for a period of time sufficient to cause said plurality of yeast cells to convert 
complex carbon molecules to simple carbohydrates. 

18. A composition comprising a plurality of yeast cells wherein said 
plurality of yeast cells have been cultured in the presence of an electromagnetic field having 
a frequency in the range of 1382 to 1392 MHz and an amplitude in the range of 1000 to 
2000mV for a period of time sufficient to cause said plurality of yeast cells to overproduce 
growth factors. 

10 1 9. A composition comprising a plurality of yeast cells wherein said 

plurality of yeast cells have been cultured in the presence of an electromagnetic field having 
a frequency in the range of 1690 to 1 700 MHz and an amplitude in the range of 1000 to 
5000mV for a period of time sufficient to cause said plurality of yeast cells to overproduce 
adenosine triphosphate. 



15 
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20. The composition of claim 1 4, 1 5, 1 6, 1 7, 1 8, or 1 9 wherein the yeast 
cells are cells of Saccharomyces cerevisiae. 

21. A biological fertilizer composition comprising 

(i) at least one of the following yeast cell components: 

(a) a first yeast cell component prepared by culturing a 
first plurality of yeast cells in a first electromagnetic 
field having a frequency of about 865.522 MHz and an 
amplitude of about 1250mV for a period of 24 hours 
and culturing said first plurality of yeast cells in the 
presence of a second electromagnetic field having a 
frequency of about 865.522 MHz and an amplitude of 
about 4656mV for a period of 24 hours so that said 
first plurality of yeast cells can fix nitrogen; 

(b) a second yeast cell component prepared by culturing a 
second plurality of yeast cells in a first 
electromagnetic field having a frequency of about 
366.243 MHz and an amplitude of about 1230mV for 
a period of 24 hours and culturing said second 
plurality of yeast cells in the presence of a second 
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electromagnetic field having a frequency of about 
366.243 MHz and an amplitude of about 4570mV for 
a period of 24 hours so that said second plurality of 
yeast cells can decompose phosphorus compounds; or 
(c) a third yeast cell component prepared by culturing a 
third plurality of yeast cells in a first electromagnetic 
field having a frequency of about 255.425 MHz and an 
amplitude of about 1340mV for a period of 24 hours 
and culturing said third plurality of y east cells in the 
presence of a second electromagnetic field having a 
frequency of about 255.425 MHz and an amplitude of 
about 4850mV for a period of 24 hours so that said 
plurality of yeast cells can decompose potassium 
compounds; 

a fourth yeast cell component prepared by culturing a fourth 
plurality of yeast cells in a first electromagnetic field having a 
frequency of about 1 092.387 MHz and an amplitude of about 
1530mV for a period of 24 hours and culturing said fourth 
plurality of yeast cells in the presence of a second 
electromagnetic field having a frequency of about 1092.387 
MHz and an amplitude of about 4720mV for a period of 24 
hours so that said fourth plurality of yeast cells can convert 
complex carbon molecules to simple carbohydrates; 
a fifth yeast cell component prepared by culturing a fifth 
plurality of yeast cells in a first electromagnetic field having a 
frequency of about 1387.556 MHz and an amplitude of about 
1620mV for a period of 24 hours and culturing said fifth 
plurality of yeast cells in the presence of a second 
electromagnetic field having a frequency of about 1387.556 
MHz and an amplitude of about 4830mV for a period of 24 
hours so that said fifth plurality of yeast cells can overproduce 
growth factors; and 

a sixth yeast cell component prepared by culturing a sixth 
plurality of yeast cells in a first electromagnetic field having a 
frequency of about 1 694.365 MHz and an amplitude of about 
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1470mV for a period of 24 hours and culturing said sixth 
plurality of yeast cells in the presence of a second 
electromagnetic field having a frequency of about 1694.365 
MHz and an amplitude of about 4780mV for a period of 24 
5 hours so that said plurality of yeast cells can overproduce 

adenosine triphosphate; 
wherein said yeast cell components comprise cells of Saccharomyces 

cerevisiae. 

1 0 22. The biological fertilizer composition of claim 2 1 wherein the first 

yeast cell component comprises cells of the yeast strain Saccharomyces cerevisiae Hansen 
AS2.501, the second yeast cell component comprises cells of the yeast strain 
Saccharomyces cerevisiae Hansen AS2.535, the third yeast cell component comprises cells 
of the yeast strain Saccharomyces cerevisiae Hansen AS2.441, the fourth yeast cell 

1 5 component comprises cells of the yeast strain Saccharomyces cerevisiae Hansen AS2.406, 
the fifth yeast cell component comprises cells of the yeast strain Saccharomyces cerevisiae 
Hansen AS2.382, and the sixth yeast cell component comprises cells of the yeast strain 
Saccharomyces cerevisiae Hansen AS2.16. 

20 23. The biological fertilizer composition of claim 21, wherein the 

pluralities of yeast cells are dried. 

24. A method of activating or enhancing the ability of a plurality of yeast 
cells to fix atmospheric nitrogen, comprising culturing said plurality of yeast cells in the 

25 presence of an electromagnetic field having a frequency in the range of 850 to 860 MHz and 
an amplitude in the range of 1000 to 5000mV for a period of time sufficient to cause said 
plurality of yeast cells to fix nitrogen. 

25. The method of claim 24, comprising culturing said plurality of yeast 
30 cells in the presence of a first electromagnetic field having a frequency of about 865.522 

MHz and an amplitude of about 1250mV for a period of 24 hours and culturing said first 
plurality of yeast cells in the presence of a second electromagnetic field having a frequency 
of about 865.522 MHz and an amplitude of about 4656mV for a period of 24 hours so that 
said plurality of yeast cells can fix nitrogen. 

35 
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26. A method of activating or enhancing the ability of a plurality of yeas t 
cells to decompose phosphorus-containing minerals or compounds, comprising culturing 
sa,d plurahty of yeast cells in the presence of an electromagnetic field having a frequency in 
the range of 360 to 370 MHz and an amplitude in the range of 1 000 to SOOOmV for a period 
of t.me sufficient to cause said plurality of yeast cells to decompose phosphorus 
compounds. 

27. The method of claim 26, comprising culturing said plurality of yeast 
cells m the presence of a first electromagnetic field having a frequency of about 366 243 
MHz and an amplitude of about 1230mV for aperiod of 24 hours and culturing said second 
plurahty of yeast cells in the presence of a second electromagnetic field having a frequency 
of about 366.243 MHz and an amplitude of about 4570mV for aperiod of 24 hours so that 
sa.d second plurality of yeast cells can decompose phosphorus compounds. 



15 
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28. A method of activating or enhancing the ability of a plurality of yeast 
cells to decompose potassium-containing minerals or compounds, comprising culturing said 
plurahty of yeast cells in the presence of an electromagnetic field having a frequency in the 
range of 250 to 260 MHz and an amplitude in the range of 1000 to SOOOmV for a period of 
time sufficent to cause said plurality of yeast cells to decompose potassium compounds. 

29. The method of claim 28, comprising culturing said plurality of yeast 
cells m the presence of a first electromagnetic field having a frequency of about 255 425 
MHz and an amplitude of about 1340mV for a period of 24 hours and culturing said third 
plurahty of yeast cells in the presence of a second electromagnetic field having a frequency 

^5 of about 255.425 MHz and an amplitude of about 4850mV for a period of 24 horns so that 
said plurahty of yeast cells can decompose potassium compounds. 

30. A method of activating or enhancing the ability of a plurality of yeast 
cells to decompose high molecular weight carbon substances, comprising culturing said 
plurahty of yeast cells in the presence of an electromagnetic field having a frequency in the 
range of 1 087 to 1 097 MHz and an amplitude in the range of 1 000 to SOOOmV for a period 
of time sufficient to cause said plurality of yeast cells to convert complex carbon molecules 
to simple carbohydrates. 

35 
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31. The method of claim 30, comprising culturing said plurality of yeast 
cells in the presence of a first electromagnetic field having a frequency of about 1092.387 
MHz and an amplitude of about 1 530mV for a period of 24 hours and culturing said fourth 
plurality of yeast cells in the presence of a second electromagnetic field having a frequency 
5 of about 1 0923 87 MHz and an amplitude of about 4720mV for a period of 24 hours so thai 
said fourth plurality of yeast cells can convert complex carbon molecules to simple 
carbohydrates. 



32. A method of activating or enhancing the ability of a plurality of yeast 
1 0 cells to overproduce growth factors, comprising culturing said plurality of yeast cells in the 
presence of an electromagnetic field having a frequency in the range of 1382 to 1392 MHz 
and an amplitude in the range of 1 000 to 2000mV for a period of between 1 000 to 5000mV 
for a period of time sufficient to cause said plurality of yeast cells to overproduce growth 
factors. 



15 



33. The method of claim 32, comprising culturing said plurality of yeast 
cells in the presence of a first electromagnetic field having a frequency of about 1387.556 
and an amplitude of about 1620mV for a period of 24 hours and culturing said fifth plurality 
of yeast cells in the presence of a second electromagnetic field having a frequency of about 

20 1387.556 MHz and an amplitude of about 4830mV for a period of 24 hours so that said fifth 
plurality of yeast cells can overproduce growth factors. 

34. The method of claim 32 or 33, further comprising inoculating a 
fermentation medium comprising a starch solution at a concentration of about 400 gram/liter 

25 with said yeast cells and allowing fermentation to proceed at a temperature between 20 to 
30 °C until at least 90% of the fermentation substrate has been fermented. 

35. A method of activating the ability of a plurality of yeast cells to 
overproduce ATP, comprising culturing said plurality of yeast cells in the presence of an 

30 electromagnetic field having a frequency in the range of 1 690 to 1 700 MHz and an 
amplitude in the range of 1 000 to 5000mV for a period of time sufficient to cause said 
plurality of yeast cells to overproduce adenosine triphosphate. 

36. The method of claim 35, comprising culturing said plurality of yeast 
35 cells in the presence of a first electromagnetic field having a frequency of about 1694.365 
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^H^Wlitud^^t-PWO^r-a period of 24 hours and culturing said sixth 
phtrahty of yeast cells in the presence of a second electromagnetic field having a frequency 

said plurality of yeast cells can overproduce adenosine triphosphate. 

37. The method of claim 35 or 36, further comprising inoculating a 
fermentation medium comprising a starch solution at a concentration of about 400 gram/liter 
-*-d yeast cells and allowing fermentation to proceed at a temperature between 20 10 
30 C until at least 90% of the fermentation substrate has been fermented. 

38. A method of forming a symbiosis-like relationship among yeast cells 
components of a biological fertilzer, said method comprises the steps of: ' ' 

preparing a mixture comprising 

(a) a first yeast cell component prepared by culturing a first 
plurality of yeast cells in a first electromagnetic field having a 
frequency in the range of 860 to 870 MHz and an amplitude in 
the range of 1000 to 5000mV for a period of time sufficient to 
cause said first plurality of yeast cells to fix nitrogen; 

(b) a second yeast cell component prepared by culturing a second 
plurality of yeast cells in a second electromagnetic field 
having a frequency in the range of 360 to 370 MHz and an 
amplitude in the range of 1 000 to 5000mV for a period of 
time sufficient to cause said second plurality of yeast cells to 
decompose phosphorus compounds; 

(c) a third yeast cell component prepared by culturing a third 
plurality of yeast cells in a third electromagnetic field having a 
frequency in the range of 250 to 260 MHz and an amplitude in 
the range of 1 000 to SOOOmV for a period of time sufficient to 
cause said third plurality of yeast cells to decompose 
potassium compounds; and 

(d) a fourth yeast cell component prepared by culturing a fourth 
plurality of yeast cells in a fourth electromagnetic field having 
a frequency in the range of 1087 tol097 MHz and an 
amplitude in the range of 1 000 to 5000mV for a period of 
time sufficient to cause said fourth plurality of yeast cells to 
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convert complex carbon molecules to simple carbohydrates; 
and 

culturing said mixture in the presence of an electromagnetic field 
having a plurality of frequencies of 860 to 870 MHz, 360 to370 MHz, 
250 to 260 MHz, and 1087 to 1097 MHz and each frequency having 
an amplitude of 0 to3000 mV for a period of time sufficient to cause 
said yeast cell components to form symbiosis-like relationship, 
wherein the amplitude for each frequency in said electromagnetic 
field is cycled between 0 to 3000 mV. 

The method of claim 24, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a frequency 
in the range of 850 to 860 MHz and an amplitude in the range of 
1000 to 5000mV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

The method of claim 26, further comprising: 

preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a frequency 
in the range of 360 to 370 MHz and an amplitude in the range of 
1000 to 5000mV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

The method of claim 28, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a frequency 
in the range of 250 to 260 MHz and an amplitude in the range of 
1 000 to 5000mV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

The method of claim 30, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil; 
culturing said mixture in an electromagnetic field having a frequency 
in the range of 1 087 to 1 097 MHz and an amplitude in the range of 
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1000 to SOOOmV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

The method of claim 32, further comprising: 
preparing a mixture comprising said plurality of yeast cells and soil- 
cultunng said mixture in an electromagnetic field having a frequency 
m the range of 1382 to 1392 MHz and an amplitude in the range of 
1 000 to SOOOmV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 



44. The method of claim 35, further comprising: 

preparing a mixture comprising said plurality of yeast cells and soil- 
cultunng said mixture in an electromagnetic field having a frequency 
m the range of 1690 to 1700 MHz and an amplitude in the range of 
1 000 to SOOOmV for a period of time sufficient to cause said plurality 
of yeast cells to adapt to soil. 

12 co™ ' • ^ \ A meth ° d ° f Pr ° dUdng ^ bi0, ° 8iCal fertiHzer position of claim 
1 2, comprising in the order stated: 

« prepanng a m.xture by mixing yeast cell components (a), (b) 

( c )> (d), (e), and (f); and 
(ii) adding to said mixture said organic substrate component and 

inorganic substrate component to form a biological fertilizer. 

46: The method of claim 45, further comprising drying said biological 
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fertilizer. 
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30 
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The method of claim 46, wherein said drying step comprises the steps 

(iii) drying said biological fertilizer composition at a temperature 
not exceeding 65°C for a period such that the yeast cells 
become dormant; 

(iv) drying said biological fertilizer composition at a temperature 
not exceeding 70X for a period such that the water content is 
less than 5%; 
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(v) cooling said biological fertilizer composition to ambient 
temperature; and 

(vi) forming granules of said biological fertilizer composition of 
an appropriate size. 



20 



35 



48. The method of claim 45 further comprising the step of forming a 
symbiosis-like relationship among the yeast cell components, which comprises, after step (i) 
and before step (ii), culturing the mixture of yeast cells in the presence of an 
electromagnetic field having a plurality of frequencies of 860 to 870 MHz, 360 to 370 MHz, 
10 250 to 260 MHz, 1087 to 1097 MHz, 1382 to 1392 MHz, and 1690 to 1700 MHz, and each 
frequency having an amplitude of 0 to 3000 mV for a period of time sufficient to cause said 
yeast cell components to form symbiosis-like relationship, wherein the amplitude for each 
frequency in said electromagnetic field is cycled between 0 to 3000 mV. 

1 J 49 - The met hod of claim 45 further comprising, after step (i) and before 

step (ii), the steps of: 

(iii) adding a sample of soil to the mixture of yeast cells of step (i), 

(iv) culturing in the presence of an electromagnetic field having a 
plurality of frequencies of 860 to 870 MHz, 360 to 370 MHz, 
250 to 260 MHz, and 1087 to 1097 MHz and each frequency 
having an amplitude of 0 to 3000 mV for a period of time 
sufficient to adapt yeast cell components to the soil, wherein 
the amplitude for each frequency in said electromagnetic field 
is cycled between 0 to 3000 mV; and 

(v) separating the yeast cells from the soil. 

50. The method of claim45 further comprising, after step (i) and before 
step (ii) the following steps : 

(iii) culturing the mixture of yeast cells of step (i) in the presence of 
an electromagnetic field having a plurality of frequencies of 860 to 
870 MHz, 360 to 370 MHz, 250 to 260 MHz, 1087 to 1097 MHz, 
1382 to 1392 MHz, and 1690 to 1700 MHz, and each frequency 
having an amplitude of 0 to 3000 mV for a period of time sufficient 
to cause said yeast cell components to form symbiosis-like 
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relationship, wherein the amplitude for each frequency in said 
electromagnetic field is cycled between 0 to 3000 mV; 

(iv) adding a sample of soil to the mixture of yeast cells of step (Hi), 

(v) culturing said mixture of yeast cells with soil in the presence of an 
electromagnetic field having a plurality of frequencies of 860 to 870 
MHz, 360 to 370 MHz, 250 to 260 MHz, and 1087 to 1 097 MHz, 
1382 to 1392 MHz, and 1690 to 1700 MHz, and each frequency 
having an amplitude of 0 to 3000 mV for a period of time sufficient 
to cause said yeast cell components to adapt to the soil, wherein the 
amplitude for each frequency in said electromagnetic field is cycled 
between 0 to 3 000 mV; and 

(vi) separating the yeast cells from the soil. 



51. 



IS . , A method for enhancing plant growth comprising growing the plant 

in the presence of a biological fertilizer composition of any one of the claims 1-13 and 21- 
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